
UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF MASSACHUSETTS

CENTRAL DIVISION

ABBOTT BIOTECHNOLOGY LTD.,
CIVIL ACTION NO. 09-40089-FDS

and

ABBOTT LABORATORIES DEMAND FOR JURY TRIAL

Plaintiffs,

v.

CENTOCOR ORTHO BIOTECH INC.,

Defendant.

ABBOTT'S SECOND AMENDED COMPLAINT

Plaintiff Abbott Biotechnology Limited ("ABL" or "Plaintiff') and Abbott Laboratories

("Abbott" or "Plaintiff') hereby bring this Second Amended Complaint for patent infringement

against Defendant Centocor Ortho Biotech Inc. ("Centocor" or "Defendant"). Pursuant to Rule

1 5( a)(2) of the Federal Rules of Civil Procedure, Centocor has given its written consent to this

amendment.

NATURE OF ACTION

l. This is an action for patent infringement by and against the above-named Defendant.

PARTIES

2. Plaintiff ABL is a corporation organized under the laws of Bermuda, with a place of

business at Clarendon House, 2 Church Street, Hamilton HMll, Bermuda.

3. Through intermediate organizations, ABL is owned by Plaintiff Abbott Laboratories,

an Ilinois corporation which conducts business in this District directly as well as through its



subsidiar Abbott Bioresearch Center, Inc. ("ABC"), located in Worcester, Massachusetts (as

more fully described below).

4. Defendant Centocor is a corporation organized under the laws of the Commonwealth

of Pennsylvania, with a principal place of business at Ridgeview Drive, Horsham, Pennsylvania.

Within the meaning of 28 U.S.c. § 1391(c), it resides in this District by reason of having

continuous and systematic contacts with this District, including the marketing and sales of health

products in Massachusetts, such as the drug marketed and sold as "REMICADE," which enjoyed

U.S. sales of approximately $2.8 bilion in 2008.

JURISDICTION AND VENUE

5. This is an action for patent infringement arising under the Patent Laws of the United

States, 35 U.S.C. § 271 et seq.

6. This Court has subject matter jurisdiction over this action under 28 U.S.C. §§ 1331

and 1338.

7. As Centocor's Answer has admitted, Defendant has been engaged in efforts to meet

the regulatory requirements of the United States Food and Drug Administration ("FDA") for

marketing, distributing, offering for sale and/or selling SIMPONITM, an anti- TNF alpha therapy

product that Defendant has sought FDA approval for with respect to the treatment of rheumatoid

arhritis. See ww.simponi.com (April 28, 2009).

8. As Centocor's Answer has admitted, on or about April 24, 2009, Defendant obtained

FDA approval to market SIMPONFM in the United States for use in combination with

methotrexate as a treatment for rheumatoid arthritis. Defendant has been manufacturing,

distributing, using, offering for sale, selling, and/or importing into the United States the
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SIMPONFM therapy product, to be prescribed and used for the treatment, inter alia, of

rheumatoid arthritis in combination with methotrexate.

9. On May 29,2007, the United States Patent & Trademark Office ("USPTO") duly and

legally issued United States Patent No. 7,223,394 (the '''394 Patent"), entitled "Human

Antibodies that Bind Human TNF alpha," to the listed inventors Jochen G. Salfeld of North

Grafton, Massachusetts, and other co-inventors in Massachusetts (and other locations). Dr.

Salfeld and one or more of his co-inventors are current employees at the earlier-mentioned

Abbott Bioresearch Center, Inc. ("ABC"), located at 100 Research Drive in Worcester,

Massachusetts, where they caried out the research leading to the '394 patent. The '394 Patent

has claims relating to methods for treating a subject suffering from rheumatoid arthritis by

coadministering both a human antibody and methotrexate. The antibody in the claimed methods

has paricular affnity for and neutralizes human TNF alpha. Plaintiff ABL is the assignee and

owner of the '394 Patent, a copy of which is attached as Exhibit A. Plaintiffs' product

HUMIRAiI is a fully human TNF alpha neutralizing antibody whose use together with

methotrexate to treat rheumatoid arthritis is covered by the '394 patent. Since its launch in 2002,

HUMIRAiI has benefitted hundreds of thousands of patients worldwide.

10. On June 2, 2009, the USPTO duly and legally issued U.S. Patent No. 7,54l,03 1 (the

"'031 Patent"), entitled "Methods for Treating Rheumatoid Arthritis using Human Antibodies

that Bind Human TNF," with listed inventors Jochen G. Salfeld of North Grafton,

Massachusetts, and other co-inventors in Massachusetts (and other locations). As noted above,

Dr. Salfeld and one or more of his co-inventors are current employees at ABC, where they

carried out the research leading to the '031 Patent. The '031 Patent is a continuation application

of the above-described '394 patent, and has claims relating to a method for treating a subject
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suffering from rheumatoid arhritis by administering a human antibody that binds TNFand

methotrexate. Plaintiff ABL is the assignee and owner of the '031 Patent, a copy of which is

attached as Exhibit B.

11. Plaintiff Abbott Laboratories has an exclusive license under the '394 and '03 i

Patents as a result of its October 7, 2010, license agreement with Plaintiff ABL.

12. Defendant is infringing Plaintiffs' , 3 94 Patent by virtue of the offer for sale and sale

in the United States of its SIMPONFM product with the rheumatoid-arthritis indication discussed

above, including by inducing infringement. By way of example, Centocor's prescribing

information for SIMPONITM states that "(fJor patients with rheumatoid arthritis (RA), SIMPONI

should be given in combination with methotrexate."

13. Defendant is infringing Plaintiffs' '031 Patent by virtue of the offer for sale and sale

in the United States of its SIMPONFM product with the rheumatoid-arthritis indication discussed

above, including by inducing infringement. By way of example, Centocor's prescribing

information for SIMPONITM states that "(fJor patients with rheumatoid arthritis (RA), SIMPONI

should be given in combination with methotrexate."

14. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(b), (c) and/or

1400(b), as inter alia the Defendant is subject to personal jurisdiction in this District.

COUNT I

Infringement of the '394 Patent

15. Plaintiffs incorporate by reference paragraphs 1-14 as if fully set forth herein.

l6. As set forth above, an actual controversy now exists between the parties that

Defendant's SIMPONITM product, when co-administered with methotrexate to treat rheumatoid

arhritis (per Centocor's indication), is infringing Plaintiffs' '394 Patent.
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17. As set forth above, by making meaningful preparations to market, make, use, sell,

offer for sale, and/or import SIMPONFM into the United States, with the rheumatoid-arthritis

indication discussed above, and having now recently obtained FDA approval and making, using,

sellng, offering for sale, and/or importing SIMPONITM, Defendant Centocor is engaged in

activities that infringe the '394 Patent, including by inducing infringement under 35 U.S.c.

§ 271(b).

18. Defendant is aware of the '394 Patent and its infringement is deliberate, wilful, and

in reckless disregard of Plaintiffs' patent rights.

19. Plaintiffs have been and wil continue to be injured by the infringing activities of

Defendant.

COUNT II

Infringement of the '031 Patent

20. Plaintiff incorporates by reference paragraphs 1-19 as if fully set forth herein.

21. As set forth above, an actual controversy now exists between the parties that

Defendant's SIMPONFM product, when co-administered with methotrexate to treat rheumatoid

arthritis (per Centocor's indication), is infringing Plaintiffs' '031 Patent.

22. As set forth above, by making meaningful preparations to market, make, use, sell,

offer for sale, and/or import SIMPONFM into the United States, with the rheumatoid-arthritis

indication discussed above, and having now recently obtained FDA approval and making, using,

selling, offering for sale, and/or importing SIMPONITM, Defendant Centocor is engaged in

activities that infringe the '031 Patent, including by inducing infringement under 35 U.S.c.

§ 271(b).
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23. Defendant is aware of the ' 031 Patent and its infringement is deliberate, wilful, and

in reckless disregard of Plaintiffs' patent rights.

24. Plaintiffs have been and wil continue to be injured by the infringing activities of

Defendant.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs ABL and Abbott Laboratories respectfully request the

following relief:

(a) a finding that Defendant infringes the '394 Patent and a final judgment incorporating

same;

(b) a finding that Defendant infringes the '031 Patent and a final judgment incorporating

same;

(c) entry of preliminary and/or permanent equitable relief, including but not limited to an

order preliminary and/or permanent injunction that enjoins Defendant and any of its offcers,

agents, employees, assigns, representatives, privies, successors, and those acting in concert or

paricipation with them from infringing and/or inducing infringement of the '394 Patent and the

'031 Patent;

(d) an award of damages sufficient to compensate Plaintiffs for infringement of the '394

Patent by Defendant, together with prejudgment and post-judgment interest;

(e) an award of damages sufficient to compensate Plaintiffs for infringement of the '03 i

Patent by Defendant, together with prejudgment and post-judgment interest;

(f) entry of an order compelling Defendant to compensate Plaintiffs for any ongoing

and/or future infringement of the '394 Patent, in an amount and under terms appropriate under

the circumstances;
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(g) entry of an order compelling Defendant to compensate Plaintiffs for any ongoing

and/or futue infringement of the '031 Patent, in an amount and under terms appropriate under

the circumstances;

(h) a declaration or order finding that Defendant's infringement is wilful and/or an order

increasing damages under 35 U.S.c. § 284;

(i) a judgment holding that this is an exceptional case under 35 U.S.C. § 285 and

awarding Plaintiffs their reasonable attorneys fees, costs, and expenses;

(j) such other relief deemed just and proper.

JURY DEMAND

Under Rule 38 of the Federal Rules of Civil Procedure, Plaintiffs hereby demand trial by

jury of all issues so triable by a jury in this action.

DATED: October 12,2010 Respectfully submitted,

/ s / Michael P. Angelini
Michael P. Angelini (BBO# 019340)
Daniel J. Lyne (BBO# 309290)
Douglas T. Radigan (BBO# 657938)
BOWDITCH & DEWEY LLP
311 Main Street
P.O. Box 15156
Worcester, MA 01615-0156
(508) 926-3400
mangelini(gbowdi tch.com
dlyne(gbowditch.com
dradigan(gbowditch.com
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Denise W. DeFranco (BBO# 558859)
FINEGAN, HENDERSON, FARABOW,
GARRTT & DUNER, L.L.P.

55 Cambridge Parkway
Cambridge, MA 02142-1215
(617) 452-l600
denise.defranco(gfinnegan.com

Michael A. Morin (admitted pro hac vice)
David P. Frazier, Ph.D (admitted pro hac vice)
D. Brian Kacedon (admitted pro hac vice)
John T. Battaglia (admitted pro hac vice)
Casey L. Dwyer (admitted pro hac vice)
Daniel A. Nadel (admitted pro hac vice)
FINEGAN, HENDERSON, FARABOW,
GARRTT & DUNER, L.L.P.

901 New York Avenue, N.W.
Washington, D.C. 20001

(202) 408-4000
michael.morin(gfinnegan.com
david. frazier(gfinne gan. com
brian.kacedon(gfinnegan.com
john. battaglia(gfinnegan.com
casey .dwyer(gfinnegan. com
daniel.nadel(gfinnegan.com

Attorneys for Plaintiffs
ABBOTT BIOTECHNOLOGY, LTD. and
ABBOTT LAB ORA TORIES

CERTIFICATE OF SERVICE

I hereby certify that this document fied through the ECF system wil be sent electronically to the
registered paricipants as identified on the Notice of Electronic Filing (NEF) and paper copies
wil be sent to those indicated as non-registered paricipants on October 12, 2010.

/s/ Michael P. Angelini
Michael P. Angelini
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D2E7 VL

GAC ATC CAG A'îC ACC CAG TCT CCA TeC Tce CTC TCT GCA TCT GTA
D I Q /0 T Q S p S S L S A S V

CDR Ll
GGG GAC AGA GTC ACC ATe ACT TG'l CGG GCA ACT CAG GGe ATC AGA

G D R V T I T C R A S Q G I R

AA'l TAC TTA Gee TG TAT GAG CAA. AA CCA Gr;" ZoAA Gce CCT MG
N Y L A W Y Q Q K p G K A P K

CD L.2
CTC CTC ATC' TAT GeT CCA Tce ACT TTG CAA. TeA. ~GG G'l(" CCA TCT

L L I Y A A S l' r. Q
n' G v p s.,--- ---..

eGG TTC AG1' GGC AGrl GGA TC1' GG ACA GAT 'l ACT eTc Ace ATe
R F S G S G S G l' D F T L T I

AGe AGe eTA CAG CCT 8M GAT GTT GCA ACT TAT TAC TGT eM AGGs S L Q p E D V A T Y Y C Q R

COR L3
TAT Me CGT GCA CCG TAT ACT TTT GGC CAG GGG ACC MG GTG GMy N R A P Y l' F G Q G T K V E

ATe AA
I K

FIGUR 7
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D2F:7 \",H

CAG GTC CAG CTG GTG GAG TCT GGG GGA GGe TTG (,TA CAG CCC GGe
E v 0. L. v E S G G G L V Q p G

AGG Tee C'G 1..G1I CTC TCC TGT GeG Gee Tel' GGA TTC ACC 1'1'1' GAT
R S L R L .s C A A S G r l' F D

CDR Hl
GAT TAm Gee J\TG CAC TGG GTC eGG CAl\ GCT CCA GGG MG Gce eTC

D y A H H w V R Q A P G K G L

CDR HZ
GM TGG GTC Tel\ Gel' ATe ACT TGG AAT ACT GCT CAC ATA GAC TAT

E W V S A T T W N S C H I D Y.;

GeG GAe 'reT GTC GAG Gee eGA TT ACC A1' Tce AGA CAe AAC Gce
A D S Y E: G R F T r s R D N A

MG AAC Tce eTG TAT CTG eM ATG MC ACT CTC AGA Gel' GAG GAT
K N S L y L Q M N S L R A E D

CDR H3
ACG Gee GTA TAT TAe TGT GeG AA GTC TeG TAe CTT AGe ACC GeG

T A V Y Y C A K V S y L S T A

Tee Tce eTT GAC TAT TGG GGC CM GGT Ace eTG GTC Ace GTC TeG
S S L D y W G Q G T L V l' V S

AGT
S

FIGU 8
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FIG. 9
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HUMAN ANTIBODIES THAT BIND HUMAN
TNFa

11iis application is a continuation application of Ser. No.
09/125 098 filed on Mar. 16, 1999, now U.S. PaL. No.

6,258,562 which claims priority from International applica-
tion Ser. No. PCTIUS97/022J9 filed Feb. 10,1997, which
claims priority from U.S. provisional application Scr. No.

60/031,476 filed Nov. 25, 1996 and from U.S. application
Ser. No. 08/599,226 fied Feb. 9, 1996, now U.S. PaL. No.

6,090,382 the contents of each are expressly incorporated by
reference.

BACKGROUND OF THE INENTJON

Tumor necrosis factor a (TNFa.) is a cytokine produced
by numerous cell types, including monocytes and macroph-
ages, that was originally identified based on its capacity to
induce the necrosis of certain mouse ltimors (see e.g., Old,
L. (1985) Science 230:630-632). Subsequently, a factor
tcrmed cachcctin, associated with cachexia, was shown to be
the same molecule as TN Fa. TNFa has been implicated in
mediating shock (see e.g., Beutler, B. and Cerami, A. (1988)
Annu. Rev. Biochem. 57:505-518; Beutler, B. and Cerami,
A. (1989) Annu. Rev. lmmunol. 7:625-655). Furermore,
TNFa has been implicated in the pathophysiology of a
varety of other human diseases and disorders, including
sepsis, infections, autoimmune diseases, transplant rejection
and grft-versus-host disease (see e.g., Moeller, A., et a1.
(1990) Cytokine 2:162-169; U.S. Pat. No. 5,231,024 to
Moeller et a1.; European Potent Publication No. 260 610 BI
by Moeller, A., et al Vasilli, P. (1992) Annu. Rev. ImmUllOl.
IO:4I1--52; Tracey, K. J. and Cerami, A. (1994) Annu. Rev.

Med. 45:491-503).
Because of the harmful role of human TNFa (hlNFa) in

a variety of human disorders, therapeutic strategies have
been designed to inhibit or counteract hTNa activity. In
paricular, antibodies that bind to, and neutralize, hTNFa
have been sought as a means to inhibit h'lNFa activity.
Some of the earliest of such antibodies were mouse mono-
clonal antibodies (mAbs), sccreted by hybridomas prepared
from lymphocytes of mice immunized with hTNFa (see
e.g., Hah T; et aJ., (1985) Proc NaIl Acad Sci USA 82:
3814-3818; Liang, C-M., et a1. (1986) Bivchem. Bivphys.
Res. Commun. 137:847-854; Hirai, M., et aL. (1987) J.
Immunol. Meihods 96:57-62; Fendly, B. M., el al. (1987)
Hybridoma 6:359-370; Moeller, A., et aL. (1990) Cl'tokine
2:162-169; U.S. Pat. No. 5,231.024 to Moeller' et al.;
European Patcnt Publication No. 186 833 B i by Wallach,
D.; European Patent Application Publication No. 218 868
A 1 by Old et al.; European Patent Publication No. 260 6 10
81 by Moeller, A., et al.). While these mouse antI-hTNFa
antibodies often displayed high affnity for hTNFa (e.g.,
Kd;§IO-9M) and were able to neutralize hTNa activity,
their use in vivo may be limited by problems associated with
administrtion of mouse antibodies to humans, such as short
seru half life, an inability to trigger certain human effector
functions and elicitation of an unwanted imunc rcsponse
against the mouse antibody in a human (the "human anti-
mouse antibody" (HAMA) reaction).

In an attempt to overcome the problems associated with
use of fully-murine antibodies in humans, murine anti-

hTNFu antibodies have been genetically engineered to be
more "human-like." For example, chimeric antibodies, in
which the variable regions of the antibody chains are 65

murine-derived and the constant regions of the antibody
chains are human-Derived, have been prepared (Knght, D.

2
M, et al. (1993) Mol. lmmunol. 30:1443 1453; peT Publi-
cation No. WO 92/16553 by Daddona, P. E., el al.). Addi-
tionally, humanized antibodies, in which the bypervariable
domains of the antibody variable regions are murine-derived
but the remainder of the variable regions and the antibody

constant regions are human-derived, have also been pre-
pared (PCT Publication No. WO 92/1 1383 by Adair, J. R..
ct aL.). However, because these chimcric and humanized
antibodies still retain some murine sequences, they still may

10 elicit an unwanted immune reaction, the human anti-chi-
meric antibody (HACA) reaction, especially when admin-
istered for prolonged periods, e.g., for chronic indications,
such as rheumatoid aritis (see e.g., Elliott, M. J., et aL.
(1994) Lancet 344:1125-1127; Elliot, M. 1., et al. (1994)

i 5 Lancet 344: i 1 05-111 0).
A preferred hTNa inhbitory agcnt to murinc mAbs or

derivatives thereof (c.g., chimeric or humanizcd antibodics)
would be on entirely human anti-hTNFu antibody. since
such an agent should not elicit the HAMA reaction. even if

20 used for prolonged periods. Human monoclonal autoanti-
bodies against liTNFa have been prepared using human
hybridoma technques (Boyle, P., et al. (1993) Cell. lmmu-
nol. 152:556-568; Boyle, P., et al. (1993) Cell. lmmunol.
152:569-581; European Patent Application Publication No.

25 614 984 A2 by Boyle, et al.). However, these hybridoma-
derived monoclonal autoantibodies were reported to have an
affnity for hTNFa. that was too low to calculate by conven-
tional methods, were unable to bind soluble hTNFu and
were unable to neutrlize hTNFu-induced cytotoxicity (see

30 Boyle, el al.; supra). Moreover, the success of the human
hybridoma technique depends upon the natural presence in
human peripheral blood of lymphocytes producing autoan-
tibodies specific for hTNFa. Certain studies have detected
seru autoantibodies against hTNFa in human subjects

35 (Fomsgaard, A., et al. (19R9) Sr.and ./. fmmunol.

30:219 223; Rendtzen, K., et al. (i 990) Prog. l,eukor.yte
BioI. lOB:447452), whereas others have not (Leusch, H-G.,
et aL. (1991) J. lmmimol. Methods 139: 145-147).

Alternative to naturally-occurring human anti-hTNFa
40 antibodies would be a recombinant hTNFa antibody.

Recombinant human antibodies that bind hTNa with rela-
tively low affnity (i.e., KrI0-7M) and a fast off rate (i.e.,
KorlO-2 sec-I) have been described (Griffths. A. D., et aL.
(1993) EMBO J. 12:725-734). However, because of their

45 relatively fast dissociation kinetics, these antibodies may not
be suiwble for therapeutic use. Additionally. a recombinant
hwiian anii-hTNFa has been described that docs not neu-
tralize hTNFa activity. but rather enhances binding of
hTN¡;a to the surface of cells and enhances internalization

50 of hTN¡;a (Lidbury, A., et a1. (1994) Biotechnol. Ther.
5:27--5, PCT Publication No. WO 92/03145 by Aston, R. et
al.)

Accordingly, human antibodies, such as recombinant

human antibodies, that bind soluble hTNu with high
55 affnity and slow dissociation kinetics and that have the

capacity to neutralize hTNFa activity, including hTNFa-
induced cytotoxicity (in vitro and in vivo) and hTNFa-
induced cell activation, are still needed.

60 SUMMARY OF THE INENTJON

This invention provides human antibodies, preferably
recombinant human antibodies, that specifically bind to
human 'lNFa. 'lbe antibodies of the invention are charac-
terized by binding to hTNFa with high affnity and slow
dissociation kinetics and by neutralizing hTNa activity,
includinghTNFa-induced cytotoxicity (in vitro and in vivo)
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and hTNo.-induced cellular activation. Antibodies of the
invention are further characterized by binding to hTNf'a but
not hTNß (Iymphotoxin) and by having the ability to bind
to other primate TNas and uon-primate TNFas in addition
to human TNFa.

The antibodies olthe invention can be full-length (e.g., an
IgGI or IgG4 antibody) or can comprise only an antigen-
binding portion (e.g., a Fab, F(ab')2 or scFv fragment). The
most preferred recombinant antibody of the invention,
termed D2E7, has a light chain CDR3 domain comprising to
the amino acid sequence of SEQ ID NO: 3 and a heavy chain
CDR3 domain comprising the amino acid st-'quence of SEQ
ID NO: 4. Preferably, the D2E7 antibody has a light chain
variable region (LCVR) comprising the .amino acid
sequence of SEQ ID NO: i and a heavy chain variable 15
region (HCVR) comprising the amino acid sequence of SEQ
ID NO: 2.

In one embodiment, the invention provides an isolated
human antibody, or an antigen-binding portion thereof. thaI
dissociates from human TNi:a with a Kd of I x 10-8 M or less 20
and a Koff rate constant of I x 10-3 s-J or less, both deter-
mined by surface plasmon resonance, and neutralizes human
TNa cytotoxicity in a standad in vitro L929 assay with an
ICso of Ix1O-7 M or less. More preferably, the isolated
human antibody, or antigen-binding portion thereof, disso- 25
ciates from human TNa with a Koffof 5x10-4 ç' or less,
or even more preferably, with a Koiff I xlO-4 çJ or less.
More preferably, the isolated human antibody, or antigen-
binding portion thereof, neutralizes human TNa cytotox-
icity in a standard in vitro L929 assay with an ICso of I xl 0-8 30
M or less, even more preferably with an lCso of Ix10-9 M
or less and still more preferably with an ICso of 5xl 0-10 M
or less.

In another embodiment, the invention provides a human
antibody, or antigen-binding portion thereof, with the fol- 35

lowing characteristics:
a) dissociates from human TNFa with a Koffof lxl0-3 s-t

or Jess, as determined by sudace plasmon resonance;
b) has a light chain CDR3 domain comprising the amno 40

acid sequence of SEQ ID NO: 3, or modified from SEQ ID
NO: 3 by a single alanine substitution at position I, 4, 5, 7
or 8 or by one to five conservative amino acid substitutions
at positions I, 3, 4, 6, 7, 8 and/or 9;

c) has a heavy chain CDR3 domain comprising the amino 45
acid sequence of SEQ ID NO: 4, or modified from SEQ ID
NO: 4 by a single alanine substitution at position 2. 3,4, 5,
6, 8, 9, 10 or 1 1 or by one to five conservative amino acid
substitutions at positions 2, 3, 4, 5, 6, 8, 9, 10, I i and/or 12.

More preferably, the antibody, or antigen-binding portion 50
thereof, dissociates from human TNFa with a Koiff 5xl 0-4
S-l or less. Still more preferably, the antibody, or antigen-
binding portion thereof, dissociates from human TNa with
a Koffof I xl 0-4 s-J or less.

In yet another embodiment, the invention provides a 55

human antibody, or an antigen-binding portion thereof, with
an LCVR having CDR3 domain comprising the amino acid
sequence of SEQ ID NO: 3, or modified from SEQ ID NO;
3 by a single alanine substitution at position 1, 4, 5, 7 or 8,
and with an HCVR having a CDR3 domain comprising the 60
amino acid sequence of SEQ ID NO: 4, or modified from
SEQ in NO: 4 by a single alanine substitution at position 2,
3,4,5, 6, 8, 9, 10 or 11. More prefenibly, the LCVR furter
has a CDR2 domain comprising the amino acid sequence of
SEQ ID NO: 5 and the HCVR further has a CDR2 domain 65
comprising the amino acid sequence of SEQ ID NO: 6. Stil
more preferably, the LCVR fuer has CDRI domain

4
comprising the amino acid sequence of SEQ II NO: 7 and
the HCVR has a CDRI domain comprising the amino acid
sequence of SEQ ID NO: 8.

In still another embodiment, the invention provides an
isolated human antibody, or an antigen binding portion
thereof, with an LCVR comprising the amino acid sequence
of SEQ ID NO: i and an HCVR comprising the amio acid
sequence of SEQ ID NO: 2. In certain embodiments, thc
antibody has an IgGI heavy chain constant region or an
IgG4 heavy chain constant region. In yet other embodi-
ments, the antibody is a Fab fragment, an i:(ab'h frdgment
or a single chain Fv fragment.

In still other embodiments, the invention provides anti-
bodies, or antigen-binding portions thereof, with an LCVR
having CDR3 domain comprising an amino acid sequence
selected from thc group consisting of SEQ ID NO: 3, SEQ
ID NO: i L SEQ ID NO: i 2, SEQ ID NO: 13, SEQ ID NO:
14. SEQ ID NO: i 5, SEQ ID NO: i 6, SEQ ID NO; 17. SEQ
ID NO: 18, SEQ ID NO: i 9, SEQ ID NO: 20. SEQ ID NO:
21, SEQ Jl NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25, SEQ ID NO; 26 or with an HCVR having a
CDR3 domain comprising an amino acid sequence selected
from the group consisting of SEQ JD NO: 4, SEQ ID NO:
27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ JD NO: 3D, SEQ
ID NO: 31, SEQ ID NO: 32, SEQ JD NO: 33, SEQ ID NO:
34 and SEQ JD NO: 35.

In yet another emhodiment, the invention provides an

isolated human antibody, or antigen-binding portion thereof,
that neutralizes the activity of human TNFa but not human
TNFß (lymphotoxin). In a preferrd embodiment, the human
antibody, or antigen-binding portion thereof, neutralizes the
activity of human TNa, chimpanzee TNa and at least one
additional primate TNFa selected from the group consisting
of baboon TNFa, marmoset TNFa, cynomolgus TNFa and
rhesus TNa. Preferably, the antibody nlso neutralizes the
activity of at least one non-primate TNFa. For example, in
one subembodiment, the isolated homan antibody, or anti-
gen-binding portion thereof, also neutralizes the activity of
canne TNa. In another subembodiment, the isolated
human antibody, or antigen-binding portion thereof, also
neutralizes the activity of pig TNFa. In yet another subem-
bodiment, the isolated human antibody. or antigen-binding
portion thereof. also neutralizes the activity of mousc TNFa.

Another aspect of the invention pertains to nucleic acid
mulecules encoding the anlibodies, ur antigen-binding por-
tions, of the invention. A prefimt:d nucleic acid of the
invention, encoding a D2E7 LCVR, has the nucleotide
sequence shown in FIG. 7 and SEQ JD NO 36. Another
preferred nucleic acid of the invention, encoding a D2E7
HCVR, has the nucleotide sequence shown in FIG. 8 and
SEQ ID NO 37. Recombinant expression vectors carring
the antibody-encoding nucleic acids of the invention, and
host cells into which such vectors have been introduced, are
also encompassed by the invention, as are methods of
making the antibodies of the invention by culturing the host
cells of the invention.

Yet another aspect of the invention pertains to methods for
inhibiting human TNa activity using an antibody. or anti-
gen-binding portion thereof, of the invention. In one

embodiment, the method comprises contacting human

TNFa with the antibody of the invention, or antigen-binding
portion thereof, such that human TNFo. activity is inhibited.
In another embodiment, the method comprises administer-
ing an antibody of the invention, or antigen-binding portion
thereof, to a human subject suffering from a disorder in
which TNa activity is detriental such that human TNa
activity in the human subject is inhibited. The disorder can
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be, lor example, sepsis, an autoimmune disease (e.g., rheu-
matoid artis, allerg, multiple sclerosis, autoimune

diabetes, autoimune uveitis and nephrtic syndrome), an
inectious disease, a malignancy, transplant rejection or
grft-versus-host disease, a pulmonary disorder, a bone 5
disorder, an intestinal disorder or a cardiac disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

rIGS. lA and IB show the amino acid sequences of the
light chain variable region of D2E7 (D2E7 VL; also shown
in SEQ ID NO: I), alannc-scan mutants of D2E7 VL
(LD2E7*AI, LD2E7"'.A3, LD2E7*A4, LD2E7"'.A5,
LD2E7*/\ 7 and I 'i2E7* .AR), the light chain variablc
region of the D2E7-reläted äntibody 2SD4 (2SD4 VL; älsu t5
shown in SEQ ID NO: 9) and other D2E7 -related light chain
variable regions (EP B12, VLIOE4, VLlOOA9, VLlOOD2,
VLIOF4, LOE5, VLLOF9, VLLOFI0, VLLOG7, VLLOG9,
VLLOHI, VLLOHlO, VLIB7, VLICI, VLIC7, VLO.IF4,
VLO.lHß, LOE7, LOE7.A and LOE7.T).

FIG.IAshows the FRl, CDRl, FR2 and CDR2 domains.

FIG. IB shows the FR3, CDR3 and FR4 domains. The
light chäin CDRI ("CDR LI"), CDR2 ("CDR L2") and
CDR3 ("CDR L3") domains äre boxed.

FIGS. 2A and 2B show the amino acid sequences of the
heavy chain varable region of D2E7 (D2E7 VH; also shown
in SEQ ID NO: 2), alanine-scan mutants of D2E7 VH
(HD2E7"'.A I, IID2E7'" .A2, HD2E7* .A3, HD2E7* .A4,
HD2E7*.A5, HD2E7*.A6, HD2E7*.A7, HD2E7*.Aß and
HD2E7*.A9), the hcavy chain variable region oftha D2E7-
related antibody 2SD4 (2SD4 VH; also shown in SEQ ID
NO: 10) and other D2E7-related heavy chain variable
regions (VHIBll, VI-1D8, VHIAll, VI-IBI2, VHI-D2,
VHIE4, VHIF6, VHIGI, 3C-H2, VHl-D2.N and VHI-
D2.Y).

FIG. 2A shows the FRI, CDRI, FR2 and CDR2 domains.
FIG. 2B shows the FR3, CDR3 and FR4 domains. The

heavy chain CDRI ("CDR HI"), CDR2 ("CDR H2") and
CDR3 ("CDR H3") domains are boxed.

FIG. 3 is a grnph depicting the inhibition of TNFa-
induced L929 cytotoxicity by the human anti-hTNa anti-
body D2E7, as compared to the murine anti-hTNFa anti-
body MAK 195.

FIG. 4 is a grph depicting the inhibition of rhTNa
binding to hTNa receptors on U-937 cells by the human
anti-hTNa antibody D2E7, as compared to the murine
anti-hTNa antibodv MAK 195.

FIG. 5 is a graph depicting the inhbition of TNa-
induced ELAM-I expression on HUC by the human
anti-hTNa antibody D2E7, as compared to the murine
anti-hTNa antibody MAK 195.

FIG. 6 is a bar grph depicting protection from TNa-
induced lethality in D-galactosamine-sensitized mice by

administrtion of the human anti-hTNa antibody D2E7
(black bars), as compared to the murine anti-hTNFa anti-
body M'IK 195 (hatched bars).

FIG. 7 shows the nucleotide sequence of the light chain
varable region of D2E7, with ihe predicted amino acid

sequence below the nucleotide sequence. The CDR Ll,
CDR L2 and CDR L3 regions are underlined.

FIG. 8 shows ihe nucleotide sequence of the heavy chain
varable region of D2E7, with the predicted amino acid

sequence below the nucleotide sequence. The CDR HI,
CDR 1-2 and CDR H3 regions are underlined.

FIG. 9 is a grph depicting the effect of D2E7 antibody
treatment on the mean joint size of Tgl97 transgenic mice
as a polyarthrtis modeL.

6
DETAILED DESCRIPTION OF THE

INVENTION

This invention pertains to isolated human antibodies, or
antigen-binding portions thereof, that bind to human TNa
with high affity, a low off rate and high neuiralizing

capacity. Various aspects of the invention relate to antibodies
and antibody fragments, and pharmaceuiical compositions

thereof, as well as nucleic acids. recombinant expression

10 vectors and hust cells for miiing such antibodies änd

fragments. Methods of. using the antibodies of the inventiun
to detect human TNFa or to inhbit human TNFa activity,
either in vitro or in vivo. are also encompassed by the
invention.

In order that the present invention may be more readily
understood, certain tcrms are first dcfined.

The term "human TNFa" (abbreviated herein as hTNFa,
or simply hTN), as used herein, is intended to refer to a
human cytokine that exists as a 17 kD secreted form and a

20 26 kD membrane associäted form, the biologically active
form of which is composed of a trmer of noncovalently

bound 17 kD molecules. The strcture of hTNFa is
described fuer in, for example, Pennica, D., et al. (1984)
Nature 312:724-729; Davis, 1. M., et at. (1987) Biochem-

25 istry 26:1322-1326; and Jones, E. Y, et al. (1989) Nature
338:225-228. The term human TNFa is intended to include
recombinant human TNFa (rhTNFa), which can be pre-
pared by standard recombinant expression methods or pur-
chased commercially (R & 0 Systems, Catalog No. 210-TA,

30 Minneapolis, Minn.).
TIie term "antibody", as used herein, is intended to refer

to immunoglobulin molecules comprised of four polypep-
tide chains, two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds. Each heavy chain is

)5 comprised of a heavy chain variable region (abbreviated
herein as HCVR or VH) and a heavy chain constant region.
The heavy chäin conslänl region is comprised of three
domains, CH 1, CH2 and CH3. Each light chain is comprised
of a light chain variable region (abbreviated herein as LCVR

40 or \lJ) and a light chain constant region. The light chain

constant region is comprised of one domain, CL. The \1-I
and VL regions can be further subdivided into regions of
hypervariability, termed complementarity determining
regions (CDR), interspersed with regions that are more

45 conserved, termed fmmework regions (FR). Each \1- and
VL is composed of thee CDRs and four FRs, ärrdnged from
amino-terminus to carboxy-terminus in the following order:
FRI, CDRl, FR2, CDR2, FR3, CDR3, FR4.

The term "antigen-binding portion" of an antibody (or
50 simply "antibody portion"), as used herein, refers to one or

more fragments of an antibody that retain the abilty to
specifically bind to an antigen (e.g., hTNFa). It has been
shown that the antigen-binding fuction of an antibody can
be performed by Irngmenis of a lull-length äniibody.

55 Examples of binding fragments encompassed within the
term "antigen-binding portion" of an antibody include (i) a
Fab fragment, a monovalent fragment consisting of the VL,
VH, CL and CHI domains; (ii) a F(ab')i fragment, a bivalent
fragment comprising two Fab fragments linked by a disul-

60 fide bridge at the hinge region; (iii) a Fd fragment consisting
of the VH and CHI domains; (iv) a Fv fragment consisting
of the VL and VH domains of a single arm of an antibody,
(v) a dAb fragment (Ward el äl, (I 989) Nature

341 :544-546), which consists of a VH domain; and (vi) an
65 isolated complementarty determining region (CDR). Fur-

thermore, although the two domains of the Fv fragment VL
and \11, are coded for by separate genes, they can be joined,

I.
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using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which
the VL and VB regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird et at. (1988)
Science 242:423-426; and Hustoo et al. (1988) ?roc. Nail.
Acad. Sci. USA 85:5879-5883). Such single chain antibod-
ies are also intended to be encompassed within the term
"antigcn-binding portion" of an antibody. Othcr lorms of
single chain antibodies, such as diabodies are also encom-
passed. Diabodies are bivalent, bispecilìc intibodies in
which VH and VL domains are expresscù on a single
polypeptide chain, but using a linker that is too short to allow
for pairig between the two domains on the same chain,

thereby forcing the domains to pair with complementar
domains of another chain and creating two antigen binding
sites (see c.g., Holliger, P., et al. (1993) Proc. Nail. Acad.
Sci. USA 90:6444-6448; Poljak, R. J., et al. (1994) Slrciure
2:1121-1123).

Still further, an antibody or antigen-binding portion

thereof may be part of a larer immunoadhesion molecules,
formed by covalent or noncovalent association of the anti.
body or antibody portion with one or more other proteins or
peptides. Examples of such immunoadhesion molecules
include use of the streptavidin core region to make a
tetrameric scFv molecule (Kipriyanov, S. M., et al. (1995)
Human Aniibodies and Hybridomas 6:93-101) and use of a
cysteine residue, a marker peptide and a C-terminal poly-
histidine tag 10 make bivalent and biolinylated scFv mol-
ecules (Kipnyanov, S. M., et al. (1994) MoL. /mmunol.

31:1047-1058). Antibody portions, such as Fab and F(ab')i
fragments, can be prepared from whole antibodies using
conventional techniques, such as papain or pepsin digestion,
respectively, of wholc antibodies. Moreover, antibodies,
antibody portions and immunoadhcsion molcculcs can bc
obtained using standard recombinant DNA techniques, as
described herein.

The term "human antibody", as uscù herein, is inlended 10
include antibodies having variable and constant regions

derived from human germline immunoglobulin sequences.
The human antibodies of the invention may include amno
acid residues not encoded by human germline immunoglo.
bulin sequences (e.g., mutations introduced by random or
site-specific mutagenesis in vitro or by somatic mutation in
vivo), for example in the CDRs and in paricular CDR3.
However, the term "human antibody", as used herein, is not
intended to include antibodies in which CDR sequences
derived from the gemiline of another mammalian species,
such as a mouse, have been grafted onto human frdmework
sequences.

The term "recombinant human antibody", as used herein,
is intended to include all human antibodies that are prepared,
expressed, created or isolated by recombinant mcans, such
as antibodies expressed using a recombinant expression

vector transfected into a host cell (described further in

Section II, below), antibodies isolated from a recombinant,
combinatorial human antibody libra (described further in
Section II, below), antibodies isolated from an animal (e.g.,
a mouse) that is transgenic for human immunoglobulin
genes (see e.g., Taylor, L. D., et al. (1992) Nucl Acids Res.
20:6287-6295) or antibodies prepared, expressed, created or
isolated by any other means that involves splicing of human
immunoglobulin gene sequences to other DNA sequences.
Such recombinant human antibodies have vanable and con-
stant regions derived from hwnan germline immunoglobulin
sequences. In certain embodiments, however, such recom-
binant human antibodies are subjected to in vitro mutagen.
esis (or, when an animal transgenic for human 19 sequences

8
is used, in vivo somatic mutagenesis) and thus the amino
acid sequences of the VH and VL regions of the recombinant
antibodies are sequences that, while derived from and
related to human germine VH and VL sequences, may not

5 naturally exist within the human antibody germline reper-
toire in vivo.

An "isolated antibody", as used herein, is intended to refer
to an antibody thai is substantially free of other antibodies
having different antigenic specificities (e.g., an isolated

10 antibody that specifically binds hTNla is substantially free
of antibodies that specifically bind antigens other than

hTNa). A.1 isolated antibody that specifically binds
hTNa may, however, have cross-reactivity to other anti-
gens, such as TNa molecules from other species (discussed

15 in further detail below). Moreover, an isolated antibody may
be substantially free of other cellular material and/or chemi-
cals.

A "neutralizing antibody", as used herein (or an "antibody
that neutralized hTNFa activity"), is intended to refer to an

20 antibody whose binding to hTNa results in inhibition of
the biological activity of hTNFa. This inhbition of the
biological activity of hTNFa can be assessed by measurng
one or more indicators of hTNFa biological activity, such as
hTNa.induced cytotoxicity (either in vitro or in vivo),

25 hTNFa-induced cellular activation and hTNl'a binding to
hTNFa receptors. These indicators of hTNFa biological
activity can be assessed by one or more of several standard
in vitro or in vivo assays known in the art (sec Example 4).
Preferably, the ability of an antibody to neutralize hTNa

30 activity is assessed by inhibition of hTNa-induced cyto-
toxicity ofL929 cells. As an additional or alternative param-
eter of hTNFa activity, the ability of an antibody to inhbit
hTNFa-induced expression of ELAM-I on HUVEC, as a
measure of hTNFa-induced cellular activation, can be

.1.S assessed.

The ierm "surface plasmon resonance", as used herein,
refers to an optical phenomenon that allows for the analysis
of real-time biospecific interactions by detection of alter-
ations in protein concentrations within a biosensor matrx,

40 for example using the ßlAcore system (Pharacia Biosen.

sor AB, Uppsala, Sweden and Piscataway, N.J.). For fuher
descriptions, see Example i and Jönsson, U., ct al. (1993)
Ann. BioI. Clin. 51:19-26; Jönsson, U., et al. (1991) Bio-
techniques 1 i :620-627; Johnsson, 8., et al. (J 995).J Mol.

45 Recognit. 8:125-131; and Johnson, B., el a!. (1991) AnaL

Biochem. 198:268-277.
The term "Koff', as used herein, is intended to refer to the

off rate constant for dissociation of an antibody from the

50 antibody/antigen complex.
'!be term "K/', as used herein, is intended to refer to the

dissociation constant of a particular antibody-antigen inter-
action.

The term "nuclcic acid molecule", as used herein, is
55 intended to include DNA molecules and RNA molecules. A

nucleic acid molecule may be single-stranded or double-
strnded, but preferably is double-stranded DNA.

The term "isolated nucleic acid molecule", as used herein
in reference to nucleic acids encoding antibodies or antibody

60 portions (e.g., VH, VL, CDR3) that bind hTNa, is intended
to refer to a nucleic acid molecule in which the nucleotide
sequences encoding the antibody or antibody portion are
free of other nucleotide sequences encoding antibodies or
antibody portions that bind antigens other than hTNFa,

65 which other sequences may naturally flank the nucleic acid
in human genomic DNA. Thus, for example, an isolated
nucleic acid of the invention encoding a \11 region of an
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anti-TNa antibody contains no other sequences encoding
other VH regions that bind antigens other thaii TNFa.

Thc temi "vector", as used herein, is intended to refer to
a nucleic acid molecule capable of transporting another

nucleic acid to which it has been linked. One type of vector
is a "plasmid", which refers to a circular double stranded
ONA loop into which additional ONA segments may be
Iigatcd. Anothcr type of vector is a viral vector, whcrcin
additional ONA segments may be ligated into the viral
genome. Certain vectors are capable of autonomous repli-
cation in a host cell into which they are intrduced (e.g.,
bacterial vectors having a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-
episomal mammalian vectors) can be integrted into the
genome of a host cell upon introduction into the host cell,
and thereby are replicated along with the host genome.

Moreover, certain vectors are capable of dirccting the
expression of genes to which they are operatively linked.
Such vectors are referred to herein as "recombinant expres-
sion vectors" (or simply, "expression vectors"). In general,
expression vectors of utility in recombinant ONA tecJuques
are often in the form of plasmids. In the present specifica-
tion, "plasmid" and "vector" may be used interchangeably
as the plasmid is the most commonly used form of vector.
However, the invention is intended to include such other
forms of expression vectors, such as viral vectors (e.g.,
replication defective retroviruses, adenoviruses and adeno-
associated viruses), which serve equivalent functions.

'¡he term "recombinant host cell" (or simply ''host cell"),
as used herein, is intended to refer to a cell into which a
recombinant expression vector has been introduced. It
should be understood that such terms are intended to refer
not only to the particular subject cell but to the progeny of
such a ccll. Bccause ccrtain modifications may occur in
succeeding generations due to either mutation or environ-
mental influences, such progeny may not, in tact, be iden-
tical to the parent cell, but are stil included within the scope
of the term "host cell" as used herein.

Various aspects of the invention are described in further
detail in the following subsections.

i. Human Antibodies that Bind Human TNa
This invcntion provides isolated human antibodies, or

antigen-binding portions thereof, that bind to human TNa
with high affnity, a low off mte and high neutmlizjng

capacity. Preferably, the human antibodies of the invention
are recombinant, neutralizing human anti-hTNFa antibod-
ies. The most preferred recombinant, neutralizing antibody
of the invention is referred to herein as 02E7 and has VL and
VH sequences as shown in FIGS. lA, IB and FIGS. 2A, 28,
respectively (the amno acid sequence of the 02E7 VL
region is also shown in SEQ 10 NO: 1; the amino acid
sequence of the D2E7 VH region is also shown in SEQ ID
NO: 2). The binding properties of02E7, as compared to ihe
murine anti-hTNFa MA 195 mAb that exhibits high
affnity and slow dissociation kinetics and another human
anti-hTNa antibody related in sequence to 02E7, 2SD4,
are summarzed below:

60

Kou k.. K, Sroichio.
Antibody sec-I M-1 sec-I M meti

D2E71gGl 8.81 x 10-' 1.91 x ilY 6.09 x 10-10 1.
2SD4 IgG4 8.4 x 10-' 4.20 x llY 2.00 x to-' 0.8
MAK 195 F(sb'i, 8.70 x 10-' 1.90 x to' 4.60 x 10-00 1.4 65

10
The D2E7 antibody, and related aniibodies, also exhihit a

sirong capacity 10 neutralize hTNFa activiiy. as assessed by
several in vitro and in vivo assays (see Example 4). For
example. these antibodies neutralize hTNa-induced cyto-
ioxicity of L929 cells with lC,o values in the range of about
10-7 M to about 10-10 M. 02E7, when expressed as a
full-length IgG I antibody, neutralizes hTNFa-induced cyto-
toxicity of L929 cells with IC,o of about 1.25x 10-1 0 M.

Moreover, the neutralizing capacity of 02E7 is maintained
to when the antibody is expressed as a Fab, F(ab')2 or scFv

fragment. 02E7 also inhibits lNFa-induced cellular acti-
vation, as measured by hTNa-induced ELAM-I expres-
sion on HUC (lC,o=about I .85xlO-1O M), and binding of
hTNa to hTNFa receptors on U-937 cells (IC,o=about

15 1.56x1 0-10 M). Regarding the laner, 02E7 inhibits the bind-

ing of hTNa to both the p55 and p75 hTNa reccptors.
Furermore, the antibody inhibits hTNa-induced Icthality
in vivo in mice (E05n~I-2.5 ¡.glmousc).

Regarding the binding specificity of 02E7, this antibody
20 binds to human TNFu in various forms, including soluble

hTNa, transmembrane hTNa and hTNFa bound to cel-
lular receptors. 02E7 does not specifically bind to other
cytokines, such as Iymphotoxin (TNß), IL-Ia, IL-Iß, IL-2,

IL-4, IL-6, IL-8, IFNy and TGFß. However, D2E7 does
25 exhibit crossreactivity to tumor necrosis factors from other

species. For example, the antibody neutralizes the activity of
at least five primate TNFas (chimpanzee, baboon, marmo-
set, cynomolgus and rhesus) with approximately equivalent
IC,o values as for neutralization of h"lNFa (see Example 4,

30 subsection E). 02E7 also neutralizes the activity of mouse
TNFa, although approximately 1Ooo-fold less well than
human TNf'a (see Example 4, subsection E). 02E7 also
binds to canine and porcine TNFa.

In onc aspcct, thc invcntion pcrtains to 02E7 antibodies
)5 and antibody portions, D2E7-relaied antibodies and anti-

body portions, and other human antibodies and antibody
portions with equivalent properties 10 02E7, such as high
affnity binding to hTNFa with low dissociation kinetics and
high ncutralizing capacity. In one embodiment, the invention

40 provides an isolated human antibody, or an antigen-binding
portion thereof, that dissociates from human TNFa with a
Kd of Ix10-8 M or less and a Koffrate constant of Ix10-3 s-'
or less, both determined by surface plasmon resonance, and
neutralizes human TNu cytotoxicity in a standard in vitr

45 L929 assay with an ¡C,o of I X 10-7 M or less. More prefer-
ably, the isolated human antibody, or antigen-binding por-
tion giereof, dissociates from human TNFa with a Kofff
5x10_1 S-I or less, or even more preferably, with a KoiPf
IxlO ç' or less. More preferably, the isolated human

50 antibody, or antigen-binding portion thereof, neutralizes
human TNa cytotoxicity in a standard in vitro L929 assay
with an IC,o of 1 x I 0-8 M or less, even morc prcfcrably with
an IC50 of i xlO-o M or less and still more preferably with
an ¡C,o ol5xlO-'O M or less. In a preferred embodiment, the

55 antibody is an isolated human recombinant antibody, or an
antigen-binding portion thereof. In another preferred

embodiment, the antibody also neutralizes TNa-induced
cellular activation, as assessed using a standard in vitro
assay for TNFa-induced ELAM-I expression on human
umbilical vein endothelial cells (HUVEC).

Surface plasmon resonance analysis for determining Kd
and Koff can be performed as described in Example i. A
standard in vitro L929 assay for determining ICso values is
described in Example 4, subsection A. A standard in vitro
assay for TNFa-induced ELAM-I expression on human
umbilical vein endothelial cells (HUC) is described in
Example 4, subsection C. Examples of recombinant human

i
i.
!

"
I
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antihodies that meet, or are predicted to meet, the afore-
mentioned kinetic and neutralization criteria include anti-
bodies having the following (VHNLj pairs, the sequences
of which are shown in FIGS. lA, lB, 2A and 28 (see also
Examples 2, 3 and 4 for kinetic and neutralization analyses):
¡D2E7 VH2E7 VLj; (HD2E7*.AIID2E7 VLJ,
(HD2E7*.A21D2E7 VL), (HD2E7*.A3/D2E7 VLJ,
IHD2E7".A41D2E7 VLj, (HD2E7*.A5/D2E7 VLJ,
(HD2E7*.A61D2E7 VL), (HD2E7*.A7/D2E7 VLJ,
(HD2E7*'A81D2E7 VLJ, IHD2E7*'A91D2E7 VLJ, (D2E7 10
VH/LD2E7*.AIJ, (D2E7 VHlLD2E7*.A4J, (D2E7
VH/LD2E7* .A5), (D2D7 VHILD2E7*A 7J, ID2E7
VH/LD2E7*A8), (HD2E7* .A9ILD2E7*.A i j, (VH J -D21
LOE7j, (VBl-D2.N/LOE7.Tj, (VIl-D2.Y/LOE7.A),
¡VBJ-D2.NILOE7.AJ, (VHI-D2/EP B12) and (3C-II1 15
LOE7).

It is well known in the art that antibody heavy and light
chain CDR3 domains play an importllt role in the binding
specificity/allnity of an antibody for an antigen. Accord-
ingly, in another aspecl, the invention pertains to human 20
antibodies that have slow dissociation kinetics for associa-
tion with hTNFa and that have light and heavy chain CDR3
domains that strcturally are identical to or related to those
of D2E7. As demonstrated in Example 3, position 9 of the
D2E7 VL CDR3 can be occupied by Ala or Th without 25
substantially affecting the K"ff Accordingly, a consensus
motif for the D2E7 VI, CDR3 comprises the amino acid
sequence: Q-R-Y-N-R-A-P-Y-('l/A) (SEQ ID NO: 3). Addi-
tionally, position 12 of the 02E7 VH COR3 can be occupied
by Tyr or Asn, without substantially affecting the KOff 30
Accordingly, a consensus motif for the D2E7 VH CDR3
comprises the amino acid sequence: V-S-Y-L-S-T-A-S-S-L-
D-(YIN) (SEQ ID NO: 4). Moreover, as demonstrated in
Example 2, the CDR3 domain of the D2E7 heavy and light
chains is amenable to suhstitution with a single alanine 35
residue (at position 1, 4, 5, 7 or 8 within the VL CDR3 or
at position 2, 3, 4, 5,6,8,9, 10 or 1 i within the VH CDR3)
without substantially affecting the Koff' Still further, the
skilled artisan will appreciate that, given the amenability of
the D2E7 VL and VH CDR3 domains to substitutions by 40
alanine, substitution of other amino acids within the CDR3
domains may be possible while still retaining the low off rate
constant of the antibody, in paricular substitutions with

conservÐtive amno acids. A "conservative ÐmiO Ðcid sub-
stitution", as used herein, is one in which one amino acid 45
residue is replaced with another amino acid residue having
a similar side chain. Families of amio acid residues having
similar side chains have been defied in the ar, including
basic side chains (e.g., lysine, arine, histidine), acidic

side chains (e.g., aspartic acid, glutamic acid), uncharged 50
polar side chains (e.g., glycine, aspargine, glutamine,

serine, theoninc, tyrosine, cystcine), nonpolar side chains
(e.g., olanine, valine, leucine, isoleucine, proline, phenyla-
lanine, methionine, tryptophan), beta-branched side chains
(e.g., threonine, valine, isoleucine) and aromatic side chains 55
(e.g., tyosine, phenylalanine, tryptophan, histidine). Pref-
erably, no more than one to five conservative amino acid

substitutions are madc within the D2E7 VL and/or VB
CDR3 domains. More preferably, no more than one to the
conservative amino acid substitutions are made within the 60
D2E7 VL and/or VH CDR3 domains. Additionally, conser-
vative amino acid substitutions should not be mode at amino
acid positions critical for binding to h'INFa. As shown in
Example 3, positions 2 and 5 of the D2E7 VL CDR3 and
positions 1 and 7 of the D2E7 VH CDR3 appear to be critical 65
for interaction with hTNa and thus, conservative amno
acid substitutions preferably are not made at these positions

(although ao alanine suhstitution at position 5 oj' the D2E7
VL CDR3 is acceptable, as described above).

Accordingly, in another embodiment, the invention pro-
vides an isolated human antibody, or antigen-binding por-

5 lion thereof, with the following characteristics:
0) dissociates from human TNa with a Køffate constant

of 1 X 10-3 s-I or less, as determined by surace plasmon
resonance;

b) has a light chain CDR3 domain comprising the amino
acid sequence of SEQ ID NO: 3, or modified from SEQ ID
NO: 3 by a single alanne substitution ~t position 1,4, 5, 7
or 8 or by one to five conservative amino acid substitutions
at positions 1,3,4,6,7,8 and/or 9;

c) has a heavy chain CDR3 domain comprising the amino
acid sequence of SEQ ID NO: 4, or modified from SEQ ID
NO: 4 by a single alanine substitution at position 2, 3, 4, 5,
6, 8, 9, 10 or i 1 or by one to five conservative amino acid
substitutions at positions 2, 3, 4, 5, 6, 8, 9, 10, 11 and/or 12.

More preferably, the antibody, or antigen-binding portion
thereof, dissociates from human TNFa with a KopOf 5xl 0-4
çl or Jess. Even more preferably, the antibody, or anligen-

binding portion thereof, dissociates from human TNa with
a Koffof 1x10-4 S-i or less.

In yet another embodiment, the invention provides an
isolated human antibody, or an antigen-binding portion
thereof, with a light choin variable region (LCVR) having a
CDR3 domain comprising the amino acid sequence of SEQ
lD NO: 3, or modified from SEQ lD NO: 3 by a single
alanine substitution at position i, 4, 5, 7 or lS, and with a
heavy chain variable region (HCVR) having a CDR3
domain comprising the amino acid sequence of SEQ ID NO:
4, or modified from SEQ ID NO: 4 by a single alanine
substitution at posiiion 2, 3, 4, 5, 6,8, 9, 10 or II. Preferably,
the LCVR further has a CDR2 domain comprising the amino
acid sequence of SEQ ID NO: 5 (i.e., the D2E7 VI, CDR2)
and the HCV lui1er has a CDR2 domoin comprising the

~mino acid sequence of SEQ ID NO: 6 (i.e., the D2E7 VH
CDR2). Evcn more preferably, the LCVR further has CDR1
domain comprising the anlÎno acid sequence of SEQ 1D NO:
7 (i.e., the D2E7 VL CDRI) and the HCVR has a CDR1
domain comprising the amino acid sequence of SEQ 1D NO:
8 (i.e., the D2E7 VB CDR1). The framework regions for VL
preferably arc from the V.I human gcrmine famly, morc
preferably from the A20 humÐn germline Vk gene and most
prefembly ¡rom the D2E7 VL Iramework sequences shown
in FIGS. lA and UB. lhe framework regions for VH
preferably are from the VH3 human germline family, more
preferably from the DP-31 human germline VB gene and
most preferably from the D2E7 VB framework sequences
shown in FIGS. 2A and 2B.

In still another embodiment, the invention provides an
isolated human antibody, or an antigen binding portion
thereof, with Ð light chain variable region (LCVR) compris-
ing the amino acid sequence of SEQ ID NO: I (i.e., the
02E7 VL) and a heavy chain variable region (HCVR)
comprising the amino acid sequence of SEQ ID NO: 2 (i.e.,
the D2E7 VH). In certain embodiments, the antibody com-
prises a heavy chain constant region, such as an IgG I, IgG2,
IgG3, 19G4, 19A, 19B, IgM or 180 constant region. Prefer-
ably, the heavy ehain constant region is an IgG 1 heavy chain
constant region or an IgG4 heavy chain constant region.
Furhermore, the antibody con comprise a light chain con-
stant region, either a kappa light chain constant region or a
lambda light chain constant region. Preferably, the antibody
comprises a kappa light chain constant region. Alternatively,
the antibody portion can be, for example, a Fab fragment or
a single chain rv fragment.

..

~
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In still other emhodiments, the invention provides an
isolated human antibody, or an antigen-binding portions
thereof, having D2E7-related VL and VH CDR3 domains,
for example, antibodies, or antigen-binding portions thereof,
with a light chain varable region (LCVR) having a CDR3
domain comprising an amino acid sequence selected from
the group consisting of SEQ ID NO: 3, SEQ ID NO: I i,
SEQ 10 NO: 12, SEQ ID NO: 13, SEQ JI NO: 14, SEQ Ii)
NO: 15, SEQ I f) NO: 16, SEQ If NO: 17, SEQ ID NO: 1 R.
SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 2 i, SEQ ID
NO: 22, SEQ ID NO: 23, SEQ 10 NO: 24, SEQ ID NO: 25
and SEQ 10 NO: 26 or with a heavy chain variable region
(HCVR) having a CDR3 domain comprising an amino acid
sequence selected from the group consisting of SEQ 10 NO:
4, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ
ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO:
33, SEQ ID NO: 34 and SEQ ID NO: 35.

In yet another embodiment, the invention provides a
recombinant human antibody, or antigen-binding portion 20
thereof, that neutralizes the activity of human TNa but not
human TNFß. Preferably, antibody, or antigen-binding por-
tion thereof, also neutralizes the activity of chimpanzee
TNFa and at least one additional primate TNFa selected
from the group consisting of baboon TNFa, marmoset 25
TNFa, cynomolgus TNFa and rhesus TNFa. Preferably, the
antibody, or antigen-hinding portion thereof, neutralizes the
human, ehimpanz.ee and/or additional primate TNFa in a
standard in vitro L929 assay with an lCso of I xl 0-" M or
less, more preferably IxlO-9 M or less, and even more 30
preferably 5xlO-10 M or less. In one subembodiment, the
antibody also neutnilizes the activity of canine TNa,
preferably in a standard in vitro L929 assay with an ICso of
IxlO-7 M or less, more preferably lxl0-8 M or less and
even more preferably 5xlO-9 M or less. In another subem- 3.1
bodiment, the antihody also neutralizes the activity of pig
TNFa, prelerably with an ICso of lx10-5 M or less, more
preferably I x I 0-6 M or less and even more preferably
5xlO-' M or less. In yet another embodiment, the antibody
also neutralizes the activity of mouse TNFa, preferably with 40
an ICso of lxlO-4 M or less, more preferably IxlO-s M or
less and even more preferably 5x10-6 M or less.

An antibody or antibody portion of thc invcntion can be
derivatized or linked to another functional molecule (e.g.,
another peptide or protein). Accordingly, the antibodies and 4.1

antibody portions of the invention are intended to include

derivatized and otherwise modified forms of the human
anti-hTNFa antibodies described herein, including immu-
noadhesion molecules. For example, an antibody or anti-
body portion of the invention can be functionally lined (by 50
chemical coupling, genetic fusion, noncovalent'assoeiation
or otherwisc) to one or more other molecular entitics, such
as another antihody (e,g.. a hiRpecifìc antihody or a din-
body), a detectable agent, a cytotoxic agent, a pharmaceu-
tical agent, and/or a protein or peptide that can mediate .1.1
associate of the antibody Or antibody portion with another
molecule (such as a streptavidin core region or a polyhisti-
dine tag).

One type of derivatized antibody is produced by
crosslinking two or more antibodies (of the same type or of 60

different types, e.g., to create bispecific antibodies). Suitable
crosslinkers include those that are heterobifunctional, hav-
ing two distinctly reactive groups separated by an appropri-
ate spacer (e.g., m-maleimidobenzyl-N-hydroxysuecinim-
ide ester) or homobifunctionaJ (e.g., disuccinimidyl 65

suberate). Such linkers are available from Pierce Chemical
Company, Rockford, Il

Useful detectable agents with which an antihody or anti-
body portion of the invention may be derivatized include
fluorescent compounds. Exemplary fluorescent detectable
agents include fluorescein, fluorescein isothiocyanate,

5 rhodaine, 5-dimethylamine-l-napthalenesulfonyl chlo-

ride, phycoeryhrn and the like. An antibody may also be
derivatized with detectable enzymes, such as alkaline phos-
phatase, horseradish peroxidase, glucose oxidasc and thc
like. When an antihody is derivatized with a detectahle

10 enzyme, it is detected by adding additional æagents that the
enzyme uses to produce a detecla ble reaction product. For
example, when the detectable agent horseradish peroxidase
is present, the addition of hydrgen peroxide and diami-
nobeuzidine leads 10 a colored reaction product, which is

i 5 detectable. An antibody may also be derivaiized with biotin,
and delected thugh indirect measurement of avidin or
strptavidin binding.

II. Expression of Antibodies
An antibody, or antibody portion, of the invention can be

prepared by recombinant expression of immunoglobulin

lighi and heavy chain genes in a host cell. To express an
antibody recombinantly, a host cell is Irasfected with onc or
more recombinant expression vectors carrying DNA frg-
mcnts cncoding thc immunoglobulin light and heavy chains
of thc antibody such thai the light and hcavy chains arc
expressed in ihe host cell and, preferahly, secreted into the
medium in which the host cells are cultured, Jrom which
medium the antibodies can be recovered. Sændard recom-
binant DNA methodologies are used obtain antibody heavy
and light chain genes, incorporate these genes into recom-
binant expression vectors and introduce the vectors into host
cells, such as those described in Sambrook, Fritsch and
Maniatis (eds), Molecular Cloning; A Laboratory Manual,
Second Editon, Cold Spring Harbor, N.Y., (1989), Ausubel,
F. M. et al. (eds.) Current Protocols in Molecular Biology,
Greene Publishing Associates, (1989) and in U.S. Pat. No.
4,816,397 by Boss ei al.

To express D2E7 or a D2E7-relaled antibody, DNA
fragments encoding the light and heavy chain variable
regions are fit obtained. These DNAs ean be obtained by

amplification and modification of gemlline light and heavy
chain varable sequences using the polymerasc chain reac-

tion (PCR). Germline DNA sequences for human heavy and
light chain variable region genes are known in the art (see
e.g., the "Vbase" human germline sequence database; see
also Kabat, E. A., et al. (\991) Sequences oj Proteins oj
Immunological Interest. Fifh Edition, U.S. Departent of
llealth and Human Services, NUl Publication No. 91-3242;
Tomlinson, L. M., et al. (1992) "The Repertoire of IIuman
Germline V H Sequences Reveals about Fifty Groups of V fi
Segments wiih Different Hypervariablc Loops" 1. MoL. BioI.
227:776-798; and Cox, 1. P. L. et al. (1994) "A Direciory of
Human Germ-line V, Segments Reveals a Strung Bias in
their Usage" Hur. 1. lmmunol. 24:827-836; the contents of
each of which are expressly incorporated herein by refer-
ence). To obiain a DNA fragment encoding the heavy chain
variable region of D2E7, or a D2E7-related antibody, a

member of the V H3 famly of human germline VH genes is
amplified by standad PCR. Most preferably, the DP-31 VH
germine sequence is amplified. To obtain a DNA fragment
encoding the light chain varable region of D2E7, or a
D2E7-related antibody, a member of the V Kl family of
human germ1ine VL genes is amplified by standard PCR.
Most preferably, the A20 VL gemiine sequence is ampli-
fied. PeR primers suitable for use in amplifying the DP-31
germJine VH and A20 germline VL sequences can be
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designed based on the nucleotide sequences disclosed in the
references cited supra, using standad methods.

Once the germline VH and VL fragments are obtained,
these sequences ca be mutated to encode the D2E7 or
D2E7-related amino acid sequences disclosed herein. The 5
amino acid sequences encoded by the germline VH and VL
DNA sequences are first compared to the D2B7 or D2B7-
related VH and VL amino acid sequences to idcntify amno
acid residues in the D2F.7 or D2B7 -related sequence that

diller from germline. 1ben, the appropriate nucleotides of 10

Uie germline DNA sequences are mutated such that the
mutated germline sequence encodes the D2E7 or D2E7-
related an1ino acid sequence, using the genetic code to
determne which nucleotide changes should be made.
Mutagenesis of the germline sequences is carred out by 15

standard methods, such as PCR-mediated mutagenesis (in
which the mutated nucleotides are incorporated into the PCR
primers such that the PCR product contains the mutations)
or site-directed mutagenesis.

Moreover, it should be noted that if the "germline" 20
sequences obtained by PCR amplification encode amno
acid differences in the framework regions from the true
germline configuration (i.e., differences in the amplified
sequence as compared to the true germline sequence, for
example as a result of somatic mutation), it may be desirc- 25
able to change these amino acid differences back to ihe true
germline sequences (i.e., "hackmutation" of framework resi-
dues to the germline confgurdtion).

Once ONA fragments encoding 02E7 or 02B7-related
VH and VL segments are obtained (by amplification and 30
mutagenesis of germline VH and VL genes, as described
above), these DNA fragments can be further manipulated by
standard recombinant DNA techniques, for example to con-
vert the variable rcgion genes to full-length antibody chain
genes, to Fab fragment genes or to a scFv gene. In these )5
manipulations, a VL- or VH-encoding DNA fragment is
operatively lined to another DNA fragment encoding

another protein, such as an antibody constant region or a
flexible linker. The term "operatively linked", as used in this
context, is intended to mean that the two DNA fragments are 40
joined such that the amino acid sequences encoded by the
two DNA fragments remain in-frame.

The isolatcd DNA cncoding thc VH rcgion can bc con-
verted to a full-length heavy chain gene by operatively
linkng the VH.encoding DNA to another DNA molecule 45
encoding heavy chain constant regions (CHI, CH2 and
CH3). The sequences of human heavy chain constant region
genes are known in the ar (see e.g., Kabat, E. A., et aL.
(1991) Sequences of Proteins of Immunological Interest,
Fifh Edition, U.S. Department of Health and Human Ser- 50
vices, NlH Publication No. 91-3242) and DNA fragments
encompassing thcse regions can bc obtained by standard
PCR amplification. The heavy chain constant region can be
an IgG1, IgG2, IgG3, 19G4, IgA, IgE, 19M or IgD constant

region, but most preferably is an IgO i or Ig04 constant 55

region. For a Fab fragmcnt heavy chain gene, the VH.
encoding DNA can be operatively linked to another DNA
molecule encoding only the heavy chain CH i constant
region.

The isolated DNA encoding the VL region can be con- 60
verted to a full-length light chain gene (as well as a Fab light
chain gene) hy operatively linking the VL-encoding DNA to
another DNA molecule encoding the light chain constant
region, CL. The sequences of human light chain constant
region genes are known in the ar (see e.g., Kabat, E. A., et 65
a1. (1991) Sequences of Proteins of Immunological Interest,
Fifh Edition, U.S. Department of Health and Human Ser-

16
vices, NIH Publication NO.9 i -3242) and DNA fragments
encompassing these regions can be obtained by standard
PCR amplification. The light chain constant region can be a
kappa or lambda constant region, but most preferably is a
kappa constant region.

To create a scI'v gene, the VH- and VL-encoding DNA
fragments are operatively linked to another fragment encod-
ing a flexible liner, e.g., encoding the amino acid scqucncc
(GIY4-Ser)" such that the VH and VI. sequences can be
expressed as a contiguous single-chain protein, with the VL
and YH regions joined by the flexible linker (see e.g., Bird
et al. (1988) Science 242:423-426; Huston et aL. (1988)
Proc. Natl. Acad. Sci. USA 85:5879-5883; McCaffert et aI.,
Nature (1990) 348:552-554).

To express the antibodies, or antibody portions of the
invention, DNAs encoding partial or full-length light and
heavy chains, obtained as described above, arc inserted into
expression vectors such that the genes are operatively linked
to transcriptional and translational control sequences. In this
context, the term "operatively linked" is intended to mean
that an antibody gene is ligated into a vector such that
transcriptional and translational control sequences within
the vector serve their intended function of regulating the

transcription and translation of the antibody gene. The
expression vector and expression control sequences are

chosen to be compatible with the expression host cell used.
The antibody light chain gene and the antibody heavy chaio
gene can be inserted into separate vector or, more typically,
both genes are inserted into the same expression vector. '¡be
antibody genes are inserted into the expression' vector by
standard methods (e.g., ligation of complementary restrc-
tion sites on the antibody gene frgment and vector, or blunt
end ligation if no restrction sites are present). Prior to
insertion of the D2E7 or D2E7-related light or heavy chain
sequences, the expression vector may already carr antihody
constant region sequences. For example, one approach to
converting the D2E7 or D2E7 -related VH and VL sequences
to fuJI-length antibody genes is to inscrt them into expres-
sion vectors already encoding heavy chain constant and light
chain constant regíons, respectively, such that the VH seg-
ment is operatively linked to the CII segment(s) within the
vector and the VL segment is operatively linked to the CL
segmcnt within the vcctor. Additionally or altcrnatively, the
recombinant expression vector can encode a signal peptide
that facilitates secretion of the antibody chain from a host
celL. The antibody chain gene can be cloned into the vector
such that the signal peptide is linked in-frame to the amino
terminus of the antibody chain gene. The signal peptide can
be an imunoglobulin signl peptide or a heterologous
signal peptide (i e., a signal peptide from a non-imuno.
globulin protein).

In addition to thc antibody chain genes, the recombinant
expression vectors of the invention carr regulatory

sequences that control the expression of the antibody chiiin
genes in a host celL. 'Jbe term "regulatory sequence" is
intended to includes promoters, enhancers and other expres-
sion control elements (e.g., polyadenylation signals) that
control the transcription or translation of the antibody chain
genes. Such regulatory sequences are described, for
example, in Goeddel; Gene Expression Technology: Meth-

ods in Enzymology 185, Academic Press, San Diego, Calif.
(1990). It will be appreciated by those skilled in the art that
the design of the expression vector, including the selection
of regulatory sequences may depend on such factors as the
choice of the host cell to be transformed, the level of

expression of protein desired, etc. Preferred regulatory

sequences for mamalian host cell expression include viral

I
!.



US 7,223,394 82
17

elements that direct high levels of protein expression in

mammalian cells, such as promoters and/or enhancers
derived from cytomegalovirus (CMV) (such as the CMV
promoter/enhancer), Simian Virus 40 (SV40) (such as the
SV40 promoter/enhancer), adenovirs, (e.g., the adenovirus
major late promoter (AdMLP)) and polyoma. for further
description of viral regulatory elements, and sequences

thcreof, see e.g., U.S. Pat. No. 5,168,062 by Stinski, U.S.
Pat. No. 4,510,245 by Bell et al. and U.S. Pat. No. 4,968,615
by Schaffer et al.

In addition to the antibody chain genes and regulatory

sequences, the recombinant expression vectors of the inven-
tion may carr additional sequences, such as sequences that

regulate replication of the vector in host cells (e.g., origins
of replication) and selectable marker genes. The selectable
marker gene facilitates selection of host cells into which thc
vector has been introduced (see e.g., U.S. Pat. Nos. 4,399,
216, 4,634,665 and 5,179,017, all by Axel et al.). For
example, typically the selectable marker gene confers resis-
tance to drugs, such as 0418. hygromycin or methotrexate,
on a host cell into which the vector has been introduced.

Preferred selectable marker genes include the dihydrofolate
reductase (DllfoR) gene (for use in dhfr- host cells with

methotrexate selection/amplification) and the neo gene (for
G418 selection).

For expression of the light and heavy chains, the expres-
sion vector(s) encoding the heavy and light chains is trans-
fected into a host cell by standard techniques. The varous
forms of the term "transfection" are intended to encompass
a wide variety of techniques coinoruy used for the intro-
duction of exogenous DNA into a prokaryotic or eukaryotic
host cell, e.g., electroporation, calcium-phosphate precipi-
tation, DEAE-dextran transfection and the like. Although it
is theoretically possible to express the antibodies of the
invention in either prokaryotic or eukaryotic host cells,
expression of antibodies in eukaryotic cells, and most pret-
enibly mammalian host cells, is the most pre limed because

such eukaryotic cells, and in particular mammalian cells, are
more likely than prokaryotic cells to assemble and secrete a
properly folded and immunologically active antibody.
Prokarotic expression of antibody genes has been reported

to be ineffective for production of high yields of active

antibody (Boss, M. A. and Wood, C. R. (1985) Immunology
Today 6:12-13).

Preferred mammalian host cells for expressing the recom-
binant antibodies of the invention include Chinese Hamster
Ovar (CHO cells) (including dhfr-CHO cells, described in
Urlaub and Chasin, (1980) Proc. Natl. A cad. Sci. USA

77:4216-4220. used with a DI lfoR selectable marker, e.g., as
described in R. J. Kaufman and P A. Sharp (1982) Mol. BioL.
159:601-62 i). NSO myeloma cells. COS cells and SP2 cells.
Whcn recombinant exprcssion vectors cncoding antibody
genes are intrduced into mammalian host cells, the anti-
bodies are produced by culturing the host cells for a period
of time sufcient to allow for expression of the antibody in

the host cells or, more preferably, secretion of the antibody
into the culture medium in which the host cells are grwn.
Antibodies can be recovered from the cultue medium using
standard protein purification methods.

Host cells can also be used to produce portions of intact
antibodies, such as Fab fragments or scFv molecules. It will
be understood that variations on the above procedure are
within the scope of the present invention. For example, it
may be desirable to transfect a host cell with DNA encoding
either the light chain or the heavy chain (but not botb) of an
antibody of this invention. Recombinant DNA technology
may also be used to remove some or all of the DNA

is
encoding either or both of the light and heavy chains that is
not necessary for binding to hTNa. The molecules

expressed from such trcated DNA moleculcs arc also
encompassed by the antibodies of the invention. In addition,
bifuctional antibodies may be produced in which one heavy

and one light chain are an antibody of the invention and the
other heavy and light chain are specific for an antigen other
than hTNFu by crosslinking an antibody of the invention to
a second antibody by standard chemical crossJinking meth-

10 ods.

In a preferred system for recombinant expression of an
antibody, or antigen-binding portion thereof, of the inven-
tion, a recombinant expression vector encoding both the

15 antibody heavy chain and the antibody light chain is intro-
duced into dhfr-CHO cells by calcium phosphate-mediated
transfection. Within the recombinant cxpression vector, the
antibody heavy and light chain genes are each operatively
linked to enhancer/promoter regulatory elements (e.g.,

20 derived from SY 40. CMY, adenovirus and ihe like. such as
a CMV enhancer! AdMLP promoter regulatory element or an
SY40 enhancer/AdMLP promoter regulatory element) to
drive high levels of transcription of the genes. The recom-
binant expression vector also carries a DHFR gene. which

25 allows for selection of CHO cells that have been transfected
with the vector using methotrexate selection/amplification.
The selected transforrant host cells are culture to allow for
expression of the antibody heavy and light chains and intact
antibody is recovered from the cultue medium. Standard

30 molecular biology techniques are used to prepare the recom-
binant expression vector, transfect the host cells, select for
transforrants, culture the host cells and recover thc anti-
body from the culture medium.

In view of the foregoing, another aspect of the invention

35 pertains to nucleic acid, vector and host cell compositions
that can he used for recombinant expression of the antibod-
ies and antibody portions of the invention. 'lbe nucleotide
sequence encoding the D2E7 light chain varable region is
shown in FIG. 7 and SEQ ID NO: 36. The CDRI domain of

40 the LCVR encompasses nucleotides 70-102, the CDR2
domain encompasses nucleotides 148-168 and the CDRJ
domain encompasses nucleotides 265-291. The nucleotide
sequencc encoding the D2E7 heavy chain variable region is
shown in F1G. 8 and SEQ ID NO: 37. The CDR1 domain of

45 the HCVR encompasses nucleotides 91.105, the CDR2
domain encompasses nucleotides 148-198 and the CDR3
domain encompasses nucleotides 295-330. It wil be appre-
ciated by the skilled artisan that nucleotide sequences encod-
ing D2E7-related antibodies, or portions thereof (e.g., a

50 CDR domain. such as a COLU domain). can be derived from
the nucleotide sequences encoding the D2E7 LCVR and
HCVR using thc gcnctic code and standard molccular biol-
ogy techniques.

In one embodiment, the invention provides an isolated
55 nucleic acid encoding a light chain CDR3 domain compris-

ing the amino acid sequence of SEQ ID NO: 3 (i.e., the
D2E7 VL CDRJ), or modified from SEQ ID NO: 3 by a
single alane substitution at position 1,4,5,7 or 8 or by one
to five conservative amino acid substitutions at positions i,

60 3,4, 6,7, 8 and/or 9. Ths nucleic acid can encode oruy the

CDR3 region or, more preferably, encodes an entire anti-
body light chain varable region (LCVR). For example, the
nucleic acid can encode an LCVR having a CDR2 domain
comprising the amino acid sequence of SEQ ID NO: 5 (i.e.,

65 the D2E7 VL CDR2) and a CDRI domain comprising the
amino acid sequence of SEQ ID NO: 7 (i.e., the D2E7 VL
CDRJ).

.,

r

i.
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In anotheremhodiment, the invention provides an isolated
nucleic acid encoding a heavy chain CDR3 domain com-
prising the amino acid sequence of SEQ ID NO: 4 (i.e., the
D2E7 VH CDRJ), or modified from SEQ ID NO: 4 by a
single alanine substitution at position 2, 3, 4, 5, 6, 8, 9, 10 5
or 1 I or by one to five conservative amino acid substitutions
at positions 2,3,4,5,6,8,9,10, II and/or 12. This nucleic

acid can encode only the CDR3 region or, morc preferably,
encodes an entire antibody heavy chain variable region
(HCVR). For example, the nucleic acid can encode a HCVR 10
having a CDR2 domain comprising the amino acid sequence
of SEQ ID NO: 6 (i.e., the D2E7 VH CDR2) and a CDRI
domain comprising the amino acid sequence of SEQ ID NO:
8 (i.e., the D2E7 VB CDRI).

In yet another embodiment, the invenLion provides iso- 15

lated nucleic acids encoding a 02E7-related COlD domain,
e.g., comprising an amino acid sequence selected from the
group consisting of: SEQ ID NO: 3, SEQ ID NO 4, SEQ ID
NO: II, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,

SEQ 10 NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID 20
NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ lD NO: 21,
SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ lD NO: 28,
SEQ 10 NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID
NO: 32, SEQ lD NO: 33, SEQ ID NO: 34 and SEQ ID NO: 25
35.

In stil another cmbodiment, the invention provides an

isolated nucleic acid encoding an antibody light chain vari-
able region comprising the amino acid sequence of SEQ lJ)
NO: I (i.e., ihe 02E7 LCVR). Preferably ihis nucleic acid 30
comprises the nucleotide sequence of SEQ ID NO: 36,
although the skilled artisan wil appreciate that due to the
degeneracy of the genetic code, other nucleotide sequences
can encode the amino acid sequence of SEQ ID NO: 1. The
nucleic acid can encode only the LCVR or can also encode 35
an antibody light chain constant region, opcratively linked to
the LCVR. In one embodiment, this nucleic acid is in a
recombinant expression vector.

In stil another embodiment, the invention provides an

isolated nucleic acid encoding an antibody heavy chain 40
varable region comprising the amino acid sequence of SEQ
JD NO: 2 (i.e., the D2E7 HCVR). Preferably this nucleic
acid comprises the nucleotide sequcncc of SEQ 10 NO: 37,
although the skilled artisan wil appreciate that due to the 45

degeneracy of the genetic code, other nucleolide sequences
can encode the aniino acid sequence of SEQ ID NO: 2. The
nucleic acid can encode only the HCVR or can also encode
a heavy chain constant region, operatively linked to the
~~CI~~4 ~~:s~::iP;:~t~~n~cl:~~ a~~b~~~~:~~~/~uI~~~ 50

acid is in a recombinant cxprcssion vector.
lbe invention also provides recombinant expression vec-

tors encoding both an antibody heavy chain and an antibody
light chain. For example, in one embodiment, the invention 55
provides a recombinant expression vector encoding:

a) an antibody light chain having a varable region com-
prising the amino acid sequence of SEQ JD NO: 1 (i.e., the
D2E7 LCVR); and

b) an antibody heavy chain having a variable region 60
comprising the amino acid sequence of SEQ ID NO: 2 (i.e.,
the D2E7 HCVR).

'Ibe invention also provides hosl cells into which one or
more of the recombinant expression vectors of the invention
have been introduced. Preferably, the host cell is a mam- 65
malian host cell, more preferably the host cell is a CHO cell,
an NSO cell or a COS cell.

20
Still further the invention provides a method of synthe-

sizing a recombinant human antibody of the invention by
culturing a host cell of the invention in a suitable culture

mediwn until a recombinant human antibody of the inven-
tion is synthesized. The method can further comprise iso-
lating the recombinant human antibody from the culture
mediiUT.

IlL. Selection of Recombinant Human Antibodies
Recombinant hwnan antibodies of the invention in addi-

tion to the D2E7 or D2E7-related antibodies disclosed

herein can be isolated by screening of a recombinant com-
binatorial antibody library, preferably a scFv phage display
library, prepared using human VI. and VH cDNAs prepared
from mRNA derived from human lymphocytes. MeLhodolo-
gies for preparing and sc'reening such libraries are known in
the ar. In addition to commercially available kits for gen-
erating phage display libraries (e.g.. the Pharmacia Recom-
binant Phage Antibody System, catalog no. 27-9400-01; and
the Stratagene SurfAfM phage display kit, catalog no.
240612), examples of methods and reagents particularly
amenable for use in generating and screening antihody

display libraries can be found in, for example, Ladner et al.
V,S. Pat. No. 5,223,409; Kang et al. PCT Publication No.
WO 92/18619; Dower et al. PCT Publication No. WO
91/17271; Winter et al. PCT Publication No. WO 92/20791;
Markland et al. PCT Publication No. WO 92/15679;

Breitling et aL. PCT Publication No. WO 93/01288; McCaf-
fert et al. PCT Publication No. WO 92/01047; Garrrd et al.
PCT Publication No. WO 92/09690; Fuchs et al. (1991)
Bio/Technology 9: 1370-1372; Hay ct al. (1992) Hum Anti-
bod Hybridomas 3:81 85; Huse el al. (1989) Science 246:
1275-1281; McCafferty et ai', Nature (1990)348:552-554;
Griffths et al. (1993) EMBO J. 12:725-734; Hawkins et al.
(1992) J. Mol Bioi 226:889-896: Clackson et aL. (1991)
Nature 352:624-628; Gram et al. (1992) PNAS
89:3576-3580; Gard et al. (1991) Bio/Technology

9:1373-1377; Hoogenboom et al. (1991) Nuc Acid Res
19:4133-4137; and Barbas et al. (1991) PNAS
88:7978-7982.

In a preferred embodiment, to isolate human antibodies
with high affnity and a low off rate constant for hTNa, a
murine anti-hTNfa antibody having high affnity and a low
off rate constant for hTNFa. (e.g.. MAK 195, the hybridoma
for which has deposit numbcr ECACC 87 05080 I) is first
used to select human heavy and light chain sequences
having similar hinding activity toward hTNFex, using the
epitope imprinling, or guided selection. methods described
in Hoogenboom et ai', PCT Publication No. WO 93/06213.
The antibody libraries used in this method are preferably
scFv libraries prepared and screened as described in McCaf-
fert et ai, PCT Publication No. WO 92/01047, McCaffert
et aI., Nature (1990) 348:552-554; and Griffths et aI.,
(1993) EMBO J. 12:725-734. The scFv antibody libraries
preferably are screened using recombinant human TNa as
the antigen.

Once initial human VL and VH segments are selected,
"mix and match" experiments, in which different pairs of the
initially selected VL and VH segments are screened for
hTNa binding, are performed to select preferred VLNH
pair combinations. Additionally, to furter improve the

affnity and/or lower the off rate constant for hTNFa bind-
ing, the VL and VH segments of the preferred VLNVH
pair(s) can be randollY mutated, preferably with the
CDR3 region ofVH and/or VL, in a process analogous to the
in vivo somatic mutation proess responsible for affnity
maturation of antibodies durng a natural immune response.

¡..
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This in vitro affnity maturation can he accomplished hy
amplifying VH and VL regions using PCR priers compli-

mentary to the VH CDR3 or VL CDR3, respectively, which
primers have been "spiked" with a random mixte of the
four nucleotide bases at certain positions such that the
resultant PCR products cncode VH and VL segments into
which random mutations have been introduced into the VH
and/or VL CDR3 regions. These randomly mutated VH and
VI. segments can he rescreened for binding to hTNFa and
sequences that exhbit high allniiy and a low oU'rate lor

hTNFa binding can be selected.
Thc amino acid sequences of selected aniibody heavy and

light chains can be compared to gennJine heavy and light
chain amino acid sequences. In cases where certain Irame-
work residues of the selected VL and/or YH chains differ
from the germline configuration (e.g., as a result of somatic
mutation of the imunoglobulin genes used to prepare the
phage library), it may be desireable to "backmutate" the
altered fraework residues of the selected antibodies to the
germline confguration (i.e., change the framework amno
acid sequences of the selected antibodies so that they are the
same as the germline framework amino acid sequences).
Such "hackmutation" (or "gennlining") of framework resi-
dues can be accomplished by standard molecular biology
methods for introducing specific mutations (e.g., site-di-
rected mutagenesis; PeR-mediated mutagenesis, and the
like).

Following screening and isolation of an anlÎ-hTNFu

antibody of the invention from a recombinant immunoglo-
bulin display library, nucleic acid encoding the selected

antibody can be recovered from the display package (e.g.,
from the phage genome) and subcloned into other expres-
sion vectors by standard recombinant DNA technques. If
desired, the nucleic acid can be furer manipulated to create
other antibody forms of the invention (e.g., linked to nucleic
acid encoding additional immunoglobulin domains, such as
addilÎonal constant regions). To express a recombinant
human antibody isolated by screening of a combinatorial
library, the DNA encoding the antibody is cloned into a
recombinant expression vector and introduced into a mam-
malian host cclls. as described in further detail in Section II
above.

iV. Pharmaceutical Compositions and Phannaceutical

Administration
The antibodies and antibody-portions of the invention can

be incorprated into pharmaceutical compositions suitable

for administration to a subject. Typically, the pharmaceutical
composition comprises an antibody or antibody portion of
Ùle invention and a pharaceutically acceptable carrer. As

used herein, "pharmaceutically acceptable carrer" includes
any and all solvents, dispersion media, coatings, antibacte-
rial and antifungal agents, isotonic and absorption delaying
agents, and the like that are physiologically compatible.

Examples of pharmaceutically acceptable carriers include
one or more of water, saline, phosphate buffered saline,
dextrose, glycerol, ethanol and the like, as well as combi-
nations thereof. In many cases, it will be prelerable to
include isotonic agents, for example, sugars, polyalcohols
such as manitol, sorbitol, or sodium clùoride in Ùle com-
position. Pharmaceutically acceptable carers may further
comprise minor amounts of auxiliary substances such as
wening or emulsiJYing agents, preservatives or buffers,
which enhance the shelfJife or effectiveness of the antibody
or antibody portion.

The compositions of this invention may be in a variety of
forms. These include, for example, liquid, semi-solid and

solid dosage lorms, such as liquid solutions (e.g., injectable
and infusible solutions), dispersions or suspensions, tahlets,
pils, powders, liposomes and suppositorics. The preferred
form depends on the intended mode of administration and
therapeutic application. Typical preferred compositions are
in Ùle form of. injectable or infusible solutions, such as
compositions similar to those used for passive immunization
of humans with other antibodies. 'llie preferred mode of
admini~tration is parenteral (e.g., intravenous. suhcutane-

10 ous, intraperitoneal, intramuscular). In a preferred embodi-

ment, the antibody is administercd by intravenous infusion

or injection. In another preferred embodiment. the antibody
is administered by intramuscular or subcutaneous injection.

15 Therapeutic compositions iypically must be sterile and
stable under Ùle conditions of manufacture and storage. The
composition can be formulated as a solution, microemul-
sion, dispersion, liposome, or other ordered structure suit-
able to high dnig concentration. Sterile injectable solutions

20 can be prepared by incorporating Ùle active compound (i e.,
antibody or antibody portion) in the required amount in an
appropriate solvent with one or a combination of ingredients
enumerated above,.as required, followed by filtered steril-
ization. Generally, dispersions are prepared by incorporating

25 the active compound into a sterile vehicle that contains a
basic dispersion medium and the required other ingredients
from those enumerated ahove. In the case of sterile powders
for the preparation of sterile injectable solutions, the pre-
ferred methods of preparation are vacuum drying and freeze-

30 drying that yields a powder of the active ingredient plus any
additional desired ingredient from a previously sterile-fil-
tered solution thereof. The proper fluidity of a solution can
be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in

35 the case of dispersion and by the use of sudactants. Pro-
longed absorption of injectable compositions can be hrought
about by including in the composition an agent that delays
absorption, for example, monostearate salts and gelatin.

The antibodies and antibody-portions of the present
40 invention can be administered by a variety of methods

known in the ar, although for many therapeutic applica-
tions. the preferred route/mode of administration is intrave-
nous injection or infusion. As will bc appreciated by the
skilled artisan, the route and/or mode of administration will

45 vary depending upon the desired results. 1n certain embodi-
ments, the active compound may be prepared with a carrier
that will protect the compound against rapid release, such as
a controlled release formulation, including implants, trans-
dermal patches, and microencapsulated delivery systems.

50 Biodegradable, biocompatible polymers can be used, such as
ethylene vinyl acetate, polyanydrdes, polyglycolic acid,
collagen, polyorthocstcrs, and polylactic acid. Many meth-
ods for the preparation of such formulations are patented or
generally known to those skilled in the art. See, e.g.,

55 Sustained and Controlled Release Drug Delivery Systems, J.
R. Robinson, ed., Marcel Dekker, Inc., New York, 1978.

In certain embodiments, an antibody or antibody portion
of the invention may be orally administered, for example,
with an inert diluent or an assimilable edible carrer. The

60 compound (and other ingredients, if desired) may also be
enclosed in a hard or soft shell gelatin capsule, compressed
into tablets, or incorporated directly into the subject's diet.
For oral therapeutic admnistration, the compounds may be
incorporated with excipients and used in the form of ingest-

65 ible tablets, buccal tablets, troches, capsules, elixirs, sus-
pensions, syrups, wafers, and the like. To administer a

compound of the invention by other than parenteral admin-
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istration, it may be necessary to coat the compound with, or
co-administer the compolUd with, a material to prevent its
inactivation.

Supplementary active compounds can also be incorpo-
rated into the compositions. In certain embodiments, an
antibody or antibody portion of the invention is coformu-
lated with and/or coadministered with one or more addi-
tional therapeutic agents that arc uscful for trcating disordcrs
in which TNFo. activity is detrimentaL. For example, an
anti-hTNFu antibudy or antibody portion of the invention 10
may be coformulaied and/or coadminislered with one or
more additional antibodies that bind other targets (e.g.,
antibodies that bind other cytokies or that bind cell surface
molecules), one or more cytokines, soluble TNFa receptor
(see e.g., PCT Publication No. WO 94/06476) and/or one or IS
more chemical agents that inhibit hTNa production or
activity (such as cyclobexane-y lidene derivatives as

described in PCT Publication No. WO 93/19751). Further-
more, one or more antibodies of the invention may be used
in combination wilh two or more of the foregoing therapeu- 20

tic agents. Such combination therapies may advantageously
utilize lower dosages of the administered therapeutic agents,
thus avoiding possible toxicities or complications associated
with the various monotherapies.

Nonlimiting examples of therapeutic agents for rheuma- 25
toid arthrtis with which an antibody, or antibody portion, of
the invention can he combined include the following: non-
steroidal anti-inflammatory drug(s) (NSAlDs); cytokine
suppressive anti-infammatory drg(s) (CSAIDs); CDP-571/
BAY-10-3356 (humanized anti- TNa antibody; Celltechl 30
Bayer); cA2 (chimeric anti-TNa antibody; Centocor); 75
kdTNR-IgG (75 kD TNF receptor-IgG fusion protein;
1mmlUex; see e.g., Arthritis & Rheumatism (1994) Vol. 37,
S295; J. Invest. Med. (1996) Vol. 44, 235A); 55 kdTNR-
IgG (55 kf) TNP receptor-lgG fusion protein; Hoffmann- )s
LaRoche); IDEC-CE9.1/SR 210::6 (non-depleiing prima-
tized anii-CD4 antibudy; IDEC/SmithKline; see e.g.,
Arthritis & Rheumutism (1995) Vol. 38, SI85); DAB 486-
IL-2 and/or DAB 389-IL-2 (IL-2 fusion proteins; Seragen;
see e.g., Arthritis & Rheumatism (1993) Vol. 36, 1223); 40
Anti-Tac (humanized anti-IL-2Ra; Protein Design Labsl
Roche); IL-4 (anti-inflammatory cytokine; DNAXScher-
ing); 1L-IO (SCH 52000; recombinant IL-IO, anti-infam-
matory cytokine; DNAXSchering); IL-4; IL-lD and/or IL-4
agonists (e.g., agunist antibodies); IL-I RA (IL-l receptor 45
antagonist; Synergen/Amgen); TNF-bp/s-TNFR (suluble
TNF binding protein; see e.g., Arthritis & Rheumatism
(1996) VoL. 39, No. 9 (supplement), S284; Amer. J.
Physiol.-Heart and Circulatory Physiology (1995) VoL.

268, pp. 37-42); R973401 (phosphodiesterase Type iV 50

inhibitor; see e.g., Arthritis & Rheumatism (1996) Vol. 39,
NO.9 (supplement), S282); MK-966 (COX-2 Inhbitor; see
e.g., Arthritis & Rheumatism (1996) Vol. 39 NO.9 (supple-
ment), S81); lloprost (see e.g., Arthritis & Rheumatism
(1996) VoL. 39, NO.9 (supplement), S82); methotrexate; 55
thalidomide (see e.g., Arthritis & Rheumatism (1996) Vol.
39, No. 9 (supplement), S282) and thalidomide-related
drgs (e.g., Celgen); lefllUomide (anti-inflamatory and
cytokine inhbitor; see e.g., Arthritis & Rheumatism (1996)
Vol. 39, NO.9 (supplement), 131; Inflammation Research 60
(1996) VoL. 45, pp. 103-107); tranexamic acid (inhibitor of
plasminogen activation; see e.g., Arthritis & Rheumatism
(1996) VoL. 39, NO.9 (supplement), S284); T-614 (cytokine
inhibitor; see e.g., Arthritis & Rheumutism (1996) Vol. 39,
No. 9 (supplement), S282); prostaglandin El (see e.g., 65
Arthritis & Rheumatism (1996) Vol. 39, No.9 (supplement),
S282); Tenidap (non-steroidal anti-inflammatory drug: see

24
e.g., Arthritis & Rheumatism (1996) Vol. 39, NO.9 (supple-
ment), S280); Naproxen (non-steroidal anti-infiammatory
drug; see e.g., Neuro Report (1996) Vol. 7, pp. 1209-1213);
Meloxicam (non-steroidal anti-inflammatory drg); Ibupro-
fen (non-steroidal anti-infiamatory drug); Piroxicam (non-
steroidal anti-inflamatory drug); Diclofenac (non-steroidal

anti-inflammatory drug); Indomethacin (non-steroidal anti-
inflammatory drug); Sulfasalazine (see e.g., Arthritis &
Rheumatism (i 996) Vol. 39, NO.9 (supplement), S2RI);
Azathioprinc (scc e.g., Arthritis & Rheumatism (1996) Vol.
39, NO.9 (supplement), S281); ICE inhibitor (inhibitor of
the enzme interleukn- i ß converting enzyme); zap-70 and/
or Ick inhbitor (inhibitor of the tyrosine kinase zap-70 or
Ick); VEGF inbitor and/or VEGF-R inhbitor (inibitos of
vascular endothelial cell growth factor or vascular endothe-
lial cell growth factor receptor; inhibitors of angiogenesis);
corticosteroid anti-infiammatory drugs (e.g., SB203580);
TN-convertse inhihitors; anti-TL-12 antibodies; interleu-
kin-II (see e.g" Arthritis & Rheumatism (1996) VoL. 39, No.
9 (supplement), S296); interleukin- 13 (see e.g., Arthritis &
Rheumatism (1996) Vo1.39, No. 9 (supplement), S308);
interleukin-17 inibitors (see e.g., Arthritis & Rheumatism
(1996) Vol. 39, NO.9 (supplement), SI20); gold; penicil-
lamine; chloroquine; hydroxycbloroquine; chlorambucil;

cyclophosphamide; cyclosporine; total lymphoid irrdia-

tion; anti-thymocyte globulin; anti-CD4 antihodies; CD5-
toxins; oraly-administered peptides and collagen; lobenzarit
disodium; Cytokine Regulating Agents (CRAs) HP228 and
HP466 (Houghten Pharmaceuticals, Inc.); ICAM-l anti-
sense phosphorothoate oligodeoxynucleotides (ISIS 2302;
Isis Pharmaceuticals, Inc.); soluble complement receptor 1
(TPIO; T Cell Sciences, Inc.); prednisone; orgotein; gly-
cosaminoglycan polysulphate; minocycline; anti-IL2R anti-
bodies; marine and boianicallipids (fish and plant seed fatt

acids; see e.g., Del.uca et al. (i 995) Rheum. Dis. Gin. North
Am. 21 :759-777); iiuranofìn; phenylbutazone: meclofe-
naniic acid; fiufenamic acid; intravenous ininiW1e globulin;

zileuton; mycophenolic acid (RS-61443); tacrolimus (FK-
506); sirolimus (rapamycin); amiprilose (therafectin);
cladribine (2-chlorodeoxyadenosine); and azabine.

Nonlimiting examples of therapeutic agents for inflam-
matory bowel disease with wlùch an antibody, or antibody
portion, of the invention can be combined include the

following: budenoside; epidermal growth factor; corticos-
teroids; cyclospori, sulfasalazine; arnnosalicylates; 6-rner-

captopurine; azathioprine; metronidazole; lipoxygenase

inhbitors; mesalamine; olsalazine; balsalazide; antioxi-
dats; tbromboxane inhbitors; lL-1 receptor antagonists;
anti-IL-1 ß monoclonal antibodies; anti-IL-6 monoclonal
antibodies; growth factors; elastase inhbitors; pyridinyl-
imidazole compolUds; CDP-57I/BAY-IO-3356 (humanized
anti-TNFa antibody; Celltechlayer); cA2 (chimeric anti-
TNu aniibody; Centocor); 75 kdTNR-IgG (75 kD TNF
receptor-lgO fusion protein; Immunex; see e.g., Arthritis &
Rheumatism (1994) Vol. 37, S295; J. Invest. Med. (1996)
Vol. 44, 235A); 55 kdTNFR-IgG (55 kD TN reeptor-lgG
fusion protein; Hoffman-LaRoche); interleuki-IO (SCH
52000; Schering Plough); IL-4; IL-IO and/or IL-4 agonists
(e.g., agonist antibodies); interleukin-ll; g1ucuronide- or

dextran-conjugated prodngs of prednisolone, dexametha-

sone or budesonide; lCAM-1 antisense phosphorothioate
oligodeoxynucleotides (ISiS 2302; Isis Pharmaceuticals,

Inc.); soluble complement reeptor I (TP10; T Cell Sci-
ences, Inc.); slow-release mesalazine; methotrexate; antago-
nists of Platelet Activating Factor (PAF); ciprofioxacin; and
lignocaine.
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Nonlimiting examples of therapeutic agents for multiple

sclerosis with which aD antibody, or antibody portion, of the
invention caD be combined include the following: corticos-
teroids; prednisolone; methylprednisolone; azathioprine;
cyclophosphamide; cyclosporine; methotrexate; 4-aminopy-
ridine; tizanidine; intertèron-ßla (Avonex™; Biogen); inter-
feron-ß I b (Betaseron™; ChironlBerlex); Copolymer I
(Cop-I; Copaxone™; Teva Pharrnaceuticallndustrics, Inc.);
hyperbaric oxygen; intravenous immunoglobulin; clahrih-
ine; CDP-57I/BAY-IO-3356 (humanized anti-TNu anti-
body; Cell tech/Bayer); cA2 (chimeric anii-TNFa antibody;
CeDtocor); 75 kdTNR-lgG (75 kD TN receptor-lgG
fusion protein; lmrunex; see e.g., Arthritis & Rheumatism
(1994) VoL. 37, S295; 1. Invest. Med. (1996) VoL. 44, 235A);
55 kdTNR-lgG (55 kD TNF receptor-lgG fusion protein; 15
Hoffann-LaRoche); IL-IO; lL-4; and IL-IO and/or lL-4
agonists (e.g., agonist antibodies).

Nonlimiting examples of therapeutic agents for sepsis
with which an antibody, or antibody portion, orthe invention
can be combined include the following: hypertonic saline
solutions; antibiotics; intrvenous gamma globulin; continu-
ous hemofiltration; earbapenems (e.g., meropenem); antago-
nists of cytokines such as TNa, lL-Iß, lL-6 and/or IL-8;
CDP-571/BAY-1O-3356 (humanized anti-TNFa antibody;
Celltechlayer); eA2 (chimeric anti-TNFa antibody; Cen-

tocor); 75 kdTNR-lgG (75 kD TN receptor-lgG fusion
protein; lmmunex; see e.g., Arthritis & Rheumatism (1994)
Vol. 37, S295; J. Invest. Med. (1996) Vol. 44, 235A); 55
kdTNFR-lgG (55 kD TNF receptor-lgG fusion protein;
Hoffmann-LaRoche); Cytokine Regulating Agents (CRA.s)
HP228 and HP466 (Houghten Pharaceuticals, Inc.);
SK&F 107647 (low molecular peptide; SmithKline Bee-
cham); tetravalent guanylhydrazone CNl-1493 (Pic ower
Institute); Tissue Factor Pathway Inibitor (TFPI; Chiron);
PHP (chemically modified hemoglobin; APEX 8ioscience); .1)
iron chelators and chelates, including diethylenetriamine

pentaacetic acid-iron (Il) cumplex (DTPA iron (Il); Moli-
chem Medicines); lisofyJline (synthetic small molecule
methylxanthine; Cell Therapeutics, Inc.); PGG-Glucan

(aqeuous soluble ß 1,3g1ucan; Alpha-Beta Technology); apo-
lipoproteinA-l reconstituted with lipids; chiral hydroxamic
acids (synthetic antibacterials that inhbit lipid A biosynthe-
sis); anti-endotoxin antibodies; E5531 (synthetic lipid A
antagonist; Eisai America, Inc.); rBPl,1 (recombinant N-ter-
minal ¡ragment uf human BactericidallPermeability-ln-
creasing Protein); and Synthetic Anti-Endotoxin Peptides

(SAEP; BiosYnth Research Laboratories);
Nonlimiting examples of therapeutic agents for adult

respiratory distress syndrome (ARDS) with which an anti-
body, or antibody portion, of the inve;ntion can be combined 50
include the following: anti-lL-8 antibodies; surfactant
replacement therapy; CDP-57I/BAY-I0-3356 (humanized
anti-TNa antibody; Celltechlayer); cA2 (chieric anti-
TNa antibody; Centocor); 75 kdTNR-lgG (75 kD TN
receptor-lgG fusion protein; lmunex; see e.g., Arthritis & 55
Rheumatism (1994) Vol. 37, S295; J. Invest. Med. (1996)
Vol. 44, 235A); and 55 kdTNR-lgG (55 kD TNF receptor-
IgG fusion protein; Hoffmann-LaRoche).

The use of the antibodies, or antibody portions, of the
invention in combination with other therapeutic agents is 60

discussed furter in subsection iv.

The pharmaceutical compositions of the invention may
include a "therdpeutically eITi:iive amouni" or a "prophy-
lactically effective amount" of an antibody or antibody
portion of the invention. A "therapeutically effective 65

amount" refers to an amount effective, at dosages and for
periods of time necessar, to achieve the desired therapeutic

result. A therapeutically effèctive amount of the antibody or
antibody portion may vary according to factors such as the
disease state. age, sex, and weight of the individual, and the
ability of the antibody or antibody portion to elicit a desired
response in the individuaL. A therapeutically effective
amount is also one in which any toxic or detrimental effects
of the antibody or antibody portion are outweighed by the
therapeutically bcneficial effects. A "prophylactically effec-
tive amount" refers to an amount effective, at dosages and

10 fur periods of iime necessäry, to achieve the desired pro-

phylactic result. Typically, since a prophylactic dose is used
in subjects prior to or at an earlier stage of disease, the

prophylactically effective amount will be less than the
therapeutically effective amount.

Dosage regimens may be adjusted to provide the optimum
desired response (e.g., a therapeutic or prophylactic

response). For example, a single bolus may be admstered,
several divided doses may be administered over time or the
dose may be proportionally reduced or increased as indi-

20 cated by the exigencies of the therapeutic situation. It is
especially advantageous to formulate parenteral composi-
tions in dosage unit form for ease of administration and

uniformity of dosage. Dosage unit form as used herein retèrs
to physically discrete units suited as untary dosages for the

25 mammalian subjects to be treated; each unit containing a
predetermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the
required pharmaceutical carer. The specification for the
dosage unit forms of the invention are dictated by and

30 directly dependent on (a) the unique charactcristics of thc
active compound and the particular therapeutic or prophy-
lactic ellecllu be ~chieved, and (b) the limilations inherent
in the art of compounding such an active compound for the
treatment of sensitivity in individuals.

An exemplary, non-limiting range for a therapeutically or
prophylactically etleclÍve amounl of an antibody or antibody
portion of the invention is 0.1-20 mglkg, more preferably
1-10 mglkg. It is to be noted that dosage values may vary
with the type and severity of the condition to be alleviated.

40 It is to be fui1er understood that for any paricular subject,
specific dosage regimens should be adjusted over time
according to the individual need and the professional judg-
ment of the person administering or supervising the admin-
istration of the compositions, and that dosage ranges set

45 forth herein are exemplar only and are not intended to limit

the scope or practice of the claimed composition.

iv. Uses of the Antibodies of the invenlion

Given their ability to bind to hTNFa, the anti-hTNa
antibodies, or portions thereof, of the invention can be used
to detect hTNFa (e.g., in a biological sample, such as serum
or plasma), using a conventional immunoassay, such as an
enzme linked immunosorbent assays (ELISA), an radio-
immunoassay (RIA) or tissue immunohislochernstr. The
invention provides a method for detecting hTNFa in a
biological sample comprising contacting a biological sample
with an antibody, or antibody portion, of the invention and
detecting either the antibody (or antibody portion) bound to
hTNa or unbound antibody (or antibody portion), to
thereby detect hTNFa in the biological sample. The anti-
body is directly or indirectly labeled with a detectable
suhstance to facilitate detection of the hound or unbound
~ntibody. Suiiable detecläble subslances include various

enzmes, prosthetic groups, fluorescent materials, lwiines-
cent materials and radioactive materials. Examples of suit-
able enzmes include horseradish peroxidase, alkaline phos-
phatase, ß-galactosidase, or acetylcholinesterase; examples
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of suitahle prosthetic group complexes include streptavidinl
biotin and avidinfbiotin; examples of suitable fluorescent
materials include umbelliferone, fluorescein, fluorescein
isothiocyanate, rhodamine, dichlorotriazinylamine fluores-
cein, dansyl chloride or phycoerythn; an example of a
luminescent material includes luminol; and examples of
suitable radioactive material include 1251, 1311, 35S or 3H.

Alternative to labeling the antibody, hTNFa can be
assayed in hiological fluids by a competition immunoassay
utilizing rhTNFa standards labeled with a detectable sub- 10
stance and an unlabeled anti-hTNFa antibody. In ths assay,
the biological sample, the labeled rhTNa standards and the
anti-hTNFa antibody are combined and the amount of
labeled rhTNFa standard bound to the unlabeled antibody is
determined. The amount ofhTNl'a in the biological sample 15
is inversely proportional to the amount of labeled rhTNa
standard bound to the anti-hTNa antibody.

A D2E7 antibody of the invention can also be used to
detect TNas from species other than humans, in paricular
TNFus from priates (e.g., chimpanzee, baboon, marmoset, 20
cynomolgus and rhesus), pig and mouse, since D2E7 can
bind to each of these TNFas (discussed further in Example
4, subsection E).

The antibodies and antibody portions of the invention are
capable of neutralizing hTNa activity both in vitro and in 25
vivo (see Example 4). Moreover, at least some of the
antihodies of the invention, such as D2F.7, can neutralize

TNFu activity from other species. Accordingly, the antibod-
ies and antibody portions of the invention can be used to
inibit TNFa activity, e.g., in a cell culture containing 30
hTNa, in human subjects or in other mammalian subjects
having TNl'as with which an antibody of the invention
cross-reacts (e.g. chimpanee, baboon, marmoset. cynomol-
gus and rhesus, pig or mouse). In one embodiment, the

invention provides a method for inhihiting TNa activity 35
comprising contacting TNFa with an antibody or antibody
portion of the invention such that TNa activity is inibited.

Preferably, theTNa is human TNa. For example, in a celJ
culture containig, or suspected of containing hTNa, an
antibody or antibody portion of the invention can be added 40
to the culture medium to inhibit hTNFa activity in the
culture.

In another embodiment, the invcntion provides a method
for inhibiting TNFa activity in a subject suffering from a
disorder in which TNFu activity is detrimeniil. TNFa has 45
been implicated in the pathophysiology of a wide variety of
disorders (see e.g., Moeller, A., et aL. (1990) Cy/okine

2:162-169; U.S. Pat. No. 5,231,024 to Moeller et al.;
European Patent Publication No. 260 610 BI by Moeller,
A). The invention provides methods for TNa activity in a 50
subject suffering from such a disorder, which method com-
prises administering to the subject an antibody or antibody
portion of the invention such that TNa activity in the
subject is inhbited. Preferably, the TNa is human TNa
and the subject is a human subject. Alternatively. the subject 55
can be a mammal expressing a TNFa with which an
antibody of the invention cross-reacts. Still nirter the
subject can be a mamal into which has been introduced
hTNa (e.g., by administration of hTNFa or by expression
of an hTNFa transgene). An antibody of the invention can 60
be administered to a human subject for theropeutic purposes
(discussed further below). Moreover, an antibody of the
invention can be admnistered to a non-human mammal
expressing a TNFa with which the antibody cross-reacts
(e.g., a primate, pig or mouse) for veterinary purposes or as 65
an animal model of human disease. Regarding the latter,
such animal models may be useful for evaluating the thera-
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peutic effcacy ofantihodies of the invention (e.g., testing of
dosages and tinie courses of administration).

As used herein, the term "a disorder in which TNFa
activity is detrmental" is intended to include diseases and
other disorders in which the presence ofTNFa in a subject
suffering from the disorder has been shown to be or is
suspected of being either responsible for the pathophysiol-
ogy of the disorder or a factor that contrbutes to a worsening
of the disorder. Accordingly, a disorder in which TNa
activity is detrimental is H disorder in which inhibition of
TNFa activity is expected to alleviate the symptoms and/or
progression of the disorder. Such disorders may be evi-
denced, for example, by an increase in the concentration of
TNFa in a biological fluid of a subject suffering from the
disorder (e.g., an increase in the concentration ofTNa in
seru, plasma, synovial fluid, etc. of thc subject), which can
be detectcd, for example, using an anti-TNFa antibody as
described above. There are numerous examples of disorders
in which TNFu activity is detrimentaL. The use of the
antibodies and antibody portions of the invention in the
treatment of specific disorders is discussed further below:

A. Sepsis

Tumor necrosis factor has an established role in the
pathophysiology of sepsis, with biological effects that
include hyp6tension, myocardial suppression. vascular leak-
age syndrome, orgiin necrosis. stimulation of the releiise of
toxic secondiry mediators iind activlltion of the cloning
cHscHde (see e.g., Moeller, A., el HI. (i 990) Cyiokine

2:162-169; U.S. Pat. No. 5,231,024 to Moellcr et al.;
European Patent Publication No. 260 610 Bl by Moeller,A;
Tracey, K. J. and Cerami, A (1994) Annu. Rev. Med.

45:491-503; Russell, D and Thompson, R. C. (1993) Curr
Opin. Bio/ech. 4:714-721). Accordingly, the human anti-
bodies, and antibody portions, of the invention can bc used
to treat sepsis in any of its clinical senings, including septic
shock, endotoxic shock, gram negative sepsis and toxic
shock syndrome.

Furthermore, to treat sepsis, an anti-hTNFa antibody, or
antibody portion, of the invention can be coadministered

with one or more additional therapeutic agents that may
furter alleviate sepsis, such as an interleukin-I inhibitor

(such as those described in PCT Publication Nos. WO
921 i 6221 and WO 92/17583), the cytokinc interleukin-6
(sec e.g., peT Publication No. WO 93/1 i 793) or an antago-
nist of platelet activHting factor (see e.g., Eropean Patent
Application Publication No. EP 374510). Other combina-
tion therapies for the treatment of sepsis are discussed

further in subsection IlL.
Additionally, in a preferred embodiment, an anti-TNa

antibody or antibody portion of the invention is administered
to a human subject within a subgroup of sepsis patients
having a serum or plasma concentration of IL-6 above 500
pglmI, and more preferobly 1000 pglml, at the time of
treatment (see PCT PublicHtion No. WO 95/20978 by Daum,
L., et al.).

B. Autoimmune Diseases
Tumor necrosis factor has been implicated in playing a

role in the pathophysiology of a variety of autoimmune
diseases. For example. TNFa has been implicated in acti-
vating tissue inflamation and causing joint destruction in
rheumatoid artis (see e.g., Moeller, A., et aL. (1990)
Cyiokine 2:162-169; U.S. Pat. No. 5,231,024 to Moeller et
al.; European Patent Publication No. 260 610 B I by
Moeller, A; Tracey and Ceram, supra; Arend, W. P. and
Dayer, J-M. (1995) Ar/h. Rheum. 38:151-160; Fava, R. A,
et al. (1993) Clin. Exp. Immunol 94:261-266). TNa also
has been implicated in promoting the death of islet cells and
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in mediating insulin resistance in diahetes (see e.g., Tracey
and Cerami, supra; PCT Publication No. WO 94/08609).
TNFa also has been implicated in mediating cytotoxicity to
oligodendrocytes and induction of infammatory plaques in
multiple sclerosis (see e.g., Tracey and Cerami, supra). 5
Chimeric and humanized murine anti-hTNFa antibodies
have undergone clinical testing for treatment of rheumatoid
arthrtis (see C.g., Elliott, M. J., et al. (1994) Lancet 344:
i 125..1 i 27; Elliot, M. J., et al. (I 994) Lancet

344;1l05.1110; Rank, E. C., et al. (1995) Br 1. Rheuma. 10
tol. 34:334-342).

The human antibodies, and antibody portions of the
invention can be used to treat autoimmune diseases, in
paricular those associated with inflammation, including

rheumatoid arthrtis, rheumatoid spondylitis, osteoarttis 15

and gouty arthritis, allergy, multiple sclerosis, autoimmune
diabetes, autoimmune uveitis and nephrtic syndrome. Typi-
cally, the antibody, or antibody portion, is administered

systemically, although for certain disorders, local admins-
tration of the antibody or antibody portion at a site of 20

inflammation may be beneficial (e.g., local administration in
the joints in rheumatoid arthrtis or topical application to
diabetic ulccrs, alone or in combination with a cyclohexane-
ylidene derivative as described in PCT Publication No. WO
93/19751). An antibody, or antibody portion, orthe inven- 25

tion also can be administered with one or more additional
thempeUlic agents useful in the treatment of autoimmune
diseases, as discussed further in subsection IlL.

C. Infectious Diseases
Tumor necrosis factor has been implicated in mediating 30

biological effects observed in a variety of infectious dis-
eases. For example, TNFa has been implicated in mediating
brain inflamation and capillary thmbosis and infarction
in malaria. TNa also has been implicated in mediating
bruin inflammation, inducing breakdown of the blood-brain 35

harrier, triggering septic shock syndrome and activating
venous infarction in meningitis. TNu also has been impli-
cated in inducing cachexia, stimulating viral proliferation
and mediating central nervous system injury in acquired
immune deficiency syndrome (AIDS). Accordingly, the anti- 40
bodies, and antibody portions, of the invention, can be used
in the treatment of infectious diseases, including bacterial

meningitis (see e.g., European Patent Application Publica-
tion No. EP 585 705), cerebral malaria, AIDS and AIDS-
related complex (ARC) (see e.g., European Patent Applica- 45
tion Publication No. EP 230 574), as well as
cytomegalovirus ilÚection secondary to transplantation (see
e.g., Fietze, E., et al. (1994) Transplantation 58:675-680).
The antibodies, and antibody portions, of the invention, also

can be used to alleviate symptoms associated with infectious 50
diseases, including fever and myalgias due to infection (such
as influcnza) and cachcxia sccondary to infcction (e.g..
secondary to AIDS or ARC).

D. TransplantaLIon

Tumor necrosis factor has been implicated as a key 55
mediator of allograft rejection and graft versus host disease
(GVHD) and in mediating an adverse reaction that has been
observed when the rat antibody OKT3, directed against the
T cell receptor CD3 complex, is used to inhibit rejection of
renal trnsplants (see e.g., Eason, J. D., et al. (1995) Trans- 60
plantation 59:300-305; Suthanthran, M. and Strom, 1' B.
(1994) New Eng/. J. Med. 331:365-375). Accordingly, the
antibodies, and antibody portions, of the invention, can be
used to inhbit transplant rejection, including rejections of
allogrfts and xenografs and to inibit GVHD. Although the 65
antibody or antibody portion may be used alone, more
preferably it is used in combination with one or more other

agents that inhihit the immune response against the allografi
or inhihit GVHD. For example, in one emhodiment, an
antibody or antibody portion of the invention is used in
combination with OKT3 to inhibit OKT3-induced reactions.
In another embodiment, an antibody or antibody portion of
the invention is used in combination with one or more
antibodies directed at other targets involved in regulating
immune responses, such as the cell surface molecules CD25
(interleukin-2 receptor-a), CD 11 a (I,FA-I), CD54 (lCAM-
i), CD4, CD45, CD28/CTLA4, CD80 (B7-1) and/or CD86
(B7-2).ln yet another embodiment, an antibody or antibody

portion of the invention is used in combination with one or
more general immunosuppressive agents, such as
cyclosporin A or FK506,

E. Malignancy
Tumor necrosis factor has been implicated in inducing

cachexia, stimulating tuor growth, enhancing metastatic

potential and mediating cytotoxicity in malignancies.

Accordingly, the antibodies, and antibody portions, of the
invention, can be used in the treatment of malignancies, to
inhibit tumor grwth or metastasis and/or to alleviate
cachexia secondary to malignancy. The antibody. or anti-
body portion, may be administered systemically or locally to
thc tumor site.

F. Pulmonary Disorders
Tumor necrosis factor has heen implicated in the patho.

physiology of adult respimtory distress syndrome (ARDS),
including stimulating leukocyte-endothelial activation,
directing cytotoxicity to pneumocytes and inducing vascular
leakage syndrome. Accordingly, the antibodies, and anti-
body portions, of the invention, can be used to treat varous
pulmonary disorders, including adult respiratory distress
syndrome (see e.g., per Publication No. WO 91/04054),
shock lung, chronic pulmonary inflammatory disease, pul-
monary sarcoidosis, pulmonar lìbrosis and silicosis. The
antibody, or antibody portion, may be administcred systemi-
cally or locally to the lung surface, for example as an
aerosoL. An antibody, or aniibody portion, of the invention

also can be administered with one or more additional
therapeutic agents useful in the treatment of pulmonary
disorders, as discussed furter in subsection iiI.

G. Intestinal Disorders
Tumor necrosis factor has been implicated in the patho-

physiology of infammatory bowel disorders (see e.g., Tracy,
K. J., et al. (1986) Science 234:470-474; Sun, X-M., et al.
(1988) 1. Clin. Invest. 81: 1328-1331; MacDonald, T. 1', et
al (1990) Clin. Exp. Immunol. 81:30 i -305). Chimeric

murine anti-hTNFa antibodies have undergone clinical test-
ing for treatment of Crohn's disease (van Dullemen. H. M.,
et al. (i 995) Gaslroenierology 109: i 29-135). Thc liuman
antibodies, and antibody portions. of the invention, also can
he uscd to treal intestinal disorders. such as idiopathic
inflantniatory bowel disease. which includes two syn-
dromes, Crohn's disease and ulcerative colitis. An antibody,
or antibody portion, of the invention also can be adminis-
tered with one or more additional therapeutic agents useful
in the treatment of intestinal disorders, as discussed furter
in subsection IlL.

H. Cardiac Disorders

The antibodies, and antibody portions, of the invention,
also can be used to treat various cardiac disorders, including
ischemia of the hear (see e.g., European Patent Application
Publication No. EP 453 898) and hear.insuffciency (weak-
ness of the hear muscle)(see e.g., PCT Publication No. WO
94/20139).
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i. Others
The antibodies, and antibody portions, of the invention,

also can be used to treat varous other disorders in which
TNFa activity is detrmental. Examples of other diseases
and disorders in which TNa activity has been implicated in
the pathophysiology, and thus which can be treated using an
antibody, or antibody pOi1ion, of the invention, include
inflammatory bone disorders and bone resorption disease
(see e.g., Bertolini, D. R., et al. (19S6) Nature 319:516-518;
Konig, A, et al. (1988) 1. Bone Miner. Res. 3:621-627;

Lerner, U. H. and Olùin, A (1993) J. Bone Miner. Res.

8:147-155; and Shankar, G. and Stem, P. H. (1993) Bone
14:871-876), hepatitis, including alcoholic hepatitis (see
e.g., McClain, C. J. and Cohen, D. A (1989) Hepatology
9:349-351; Felver, M. E., et al. (1990) Alcohol. Clin. Exp.
Res. 14:255-259; and Hansen, 1., ct al. (1994) Hepatology
20:461-474), viral hepatitis (Shcron, N., et al. (1991) 1.
Hepatol 12:241-245; and Hussain, M. 1., et al. (1994) 1.
Clin. Pathol. 47: 11 12 1115), and liilmimint hepalitiö;
coagulation disturbances (see e.g., van der Poll. T., et al.
(1990) N. Engl. J. Med. 322:1622-1627; and van der Poll,
1', et al. (1991) Prog Clin. Bioi. Res. 367:55-60), bums (see
e.g., Giroir, B. P., et al. (1994) Am. J. Physiol. 267:
H1l8-124; and Liu, X. S., et al. (1994) Burns 20:40-4),
reperfusion injury (see e.g., Scales, W. E., et al. (1994) Am.
1. Physiol. 267:G1122-1127; Serrick, c., et al. (1994)
Transplantation 58: 1158-1162; and Yao, Y. M., et al. (1995)
Resuscitation 29:157-168), keloid formation (see e.g.,
McCauley, R. L., et al. (1992) J. Clin. lmmunol.
12:300308), scar tissue formation; pyrexia; periodontal
disease; obesity and radiation toxicity.

This invention is further ilustrated by the following
examples which should not be constred as limiting. The
contents of all references, patents and published patent

applications cited throughout this application are hereby

incorporated by reterence.

EXAMPLE 1

Kinetic Analysis of Binding of Human Antibodies
to hTNa

Real-time binding interactions between ligand (biotiny-
lated recombinant hwnan TNa (rhTNa) immobilized on
a biosensor matrix) and analyte (antibodies in solution) were
measured by surface plasmon resonance (SPR) using ùie
ß1Acore system (Phamiacia Biosensor, Piscataway. N.J.).
The system utilizes the optical properties of SPR to detect
alterations in protein concentrations within a dextran bio-
sensor matrix. Proteins arc covalently bound to thc dcxtran 50
matrix at known concentrations. Antibodics are injected
though the dextnin matrx and speciJìc binding between

injected antibodies and immobilized ligand results in an
increased matrix protein concentration and resultant change
in the SPR signaL. These changes in SPR signl are recorded 55
as resonance units (RU) and are displayed with respect to
time along the y-axis of a sensorgam.

To facilitate immobilization of biotinylated rhTNFa on
the biosensor matrx, streptavidin is covalently linked via
free amine groups to the dextran matrx by first activating
carboxyl grups on the matrix with 100 mM N-hydroxysuc-
einimide (NHS) and 400 mM N-ethyl-N'-(3,diethylamino-
propyl) carbodiimide hydrcWoride (EDC). Next, strepta-
vidin is injected across the activated matrix. 'J1iirt-five
microliters of streptavidin (25 ¡.glml), diluted in sodiwn
acetate, pH 4.5, is injected across the activated biosensor and
free amines on the protein are bound directly to the activated

carboxyl groups. Unreacted matrix EDe-esters are deacti-
vated by an injection of 1 M ethanolamine. Streptavidin-

coupled biosensor chips also are commercially available
(Pharmacia BR-lOOO-16. Pharacia Biosensor, Piscataway,
N.J.).

Biotinylated rhTNFa was prepared by first dissolving 5.0
mg of biotin (D-biotinyl-€-aminocaproic acid N-hydrox-

ysuccinimide estcr; Boehrnger Manneim Cat. No. 1008
960) in 500 ¡.l dimethylsulfoxide to make a 10 mglml

10 solution. Ten microliters of biolin wa~ added per ml of
rhTNFa (at 2.65 mglml) for a 2: I molar ratio of biotin to
rhTNa. The reaction was mixed gently and incubated for
two hours at room temperature in the dark. A PD-I 0 column,
Sephadex G-25M (Pharmacia Catalog No. 17-0851-01) was

is equilibrated with 25 ml of cold PBS and loaded with 2 mJ
ofrhTNFa-biotin per column. The column was eluted with
10xl ml cold PBS. Fractions were collected and read at
OD2S0 (1.0 00-1.5 mglml). The appropnate fractions
were pooled and stored at _80" C. until use. I:iotinylated

20 rhTNFa also is commercially available (R & D Systems
Catalog No. FTAOO, Minneapolis, Minn.).

Biotinylated rhTNFa to be immobilized on the matrx via
streptavidin was diluted in PBS running buffer (Gibco Cat.
No. 14190-144, Gibco BRL, Grand Island, NY) supple-

25 mented with 0.05% (BIAcore) surfactant P20 (pharacia

BR-100054, Pharmacia Biosensor, Piscataway, N.J.). To
determine the capacity of rhTNFa-specilìc antibodies to
bind immobilized rhTNFa, a binding assay was conducted
as follows. Aliquots ofbiotinylated rh'lNFa (25 nM; 10 ¡.l

30 aliquots) were injected thugh the streptavidin-coupled

dextran matrx at a flow rate of 5 J./min. Before injection of
the protein and immediately afterward, PBS buffer alone
flowed though each flow cell. The net difference in signal
between baseline and approximately 30 sec. after comple-

35 tion ofbiotinylated rhTNFa injection was taken to represent

the binding value (approximately 500 RU). Direct rhTNa-
specific antibody binding to immobilized biotinylated
rhTNa was measured. Antibodies (20 ¡.glml) were diluted
in PBS runnng buffer and 25 ¡.l aliquots were injected

40 though the imobilized protein matrices at a flow rate of 5

¡.llmin. Prior to injection of antibody, and immediately
afterwards, PBS buffer alone flowed through each flow cell.
The net difference in baseline signal aftcr completion of
antibody injection was taken to represent the binding value

45 of thc particular ~ampie. Biusensor matrices were regener-

ated using 100 mM HCI before injection of the next sample.
To determine the off rate (Koff)' on rate (Kon)' association
rate (Ka) and dissociation rate (Kd) constants, BJAcore

kinetic evaluation software (version 2. i) was used.
Representative results of D2E7 (lgG4 full-length anti-

body) binding to biotinylated rhTNFa, as compared to the
mouse mAb MAK 195 (F(ab'h fragment), are shown below
in Table I.

TABLE 1

Binding of D2E7 IgG4 or MAK 195 to Biotinylatcd rhTNFa

rhTNn, Ab, Ko'"
bound, bound. rhTNFnl sec-I,

60
Antibody lAb), nM RUs RUs Ab (Avg)

D2E7 267 373 1215 t.4 8.45 x 10'
t33 420 1569 1.0 5.42xI0'
67 434 1633 1.1 4.75.10-'
33 450 1532 t.9 4.46 x 10-'

65 t7 460 t296 0.98 3.47 . to-'
8 486 936 0.67 2.63 x 10-'
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TABLE I -continued

Binding of D2E7 le.ü4 or MA.. 195 to Biotinvlated rhTNFci

rhTNFa, Ah, K.,fi.

bound, bound, rhTNai sec-I,
Antibody (Abl,nM RUs RUs Ab (Avg)

489 536 0.38 2.17 x 10-'
470 244 0.18 3.68 x 10-'

(4.38 x 10 .')
MAK 195 400 375 881 1.20 5.38 x 10-'

200 400 1080 1.8 4.54 x 10-'
100 419 1141 1.9 3.54 x 10-'
50 427 1106 1.2 3.67 x 10-'
25 446 957 1.09 4.41 x 10-'
13 464 708 0.78 3.66 x 10-'
6 474 433 0.47 7.37 x 10-'
3 451 231 0.26 6.Y5 x 10-'

(4.94 x 10-')

In a second series of experiments, the molecular kinetic
interactions between an IgGI fuJI-length form of D2E7 and
biotinylated rhTNF was quantitatively analyzed using BIA-
core technology, as described above, and kinetic rate con-
stants were derived, summarized below in Tables 2, 3 and 4.

TABLE 2

Appar~ii( dissocia.loJl r-i.e COIlSlalLs of tJic ini~nu.:tioJJ between
D2E? and biotinylated rhNF

Experiment Kd (s-')

9.58 x 10-'
9.26 x 10-'
7.60 x 10-'

8.81 , 1.06 x io-'

i

2
3

Average

TABLE 3

Apparent asociation rate consants of the interaction bern'cen
D2E7 and biolinyiaied rhTN

Experiment K" (M-', 5-1)

1.3 x 10'

1.05 x 10'
3.36 x 10'

1.91 , 1.6 x 10'

I
2

3
Average

TABLE 4

Apparnt kietic rete and afnity constants of
D2E7 and biotinylated rhTN

Experi-
ment K" (M-', S-I) Kd (s-') Kd(M)

1 1.3 x 10' 9.58 x 10-' 7.20 X 10-10 55
2 1.05 x 10' 9.26 x 10-' 8.82 x 10-10
3 3.36 x 10' 7.60 x 10-' 2.26 X 10-10

Aversge 1.91 , 1.6 x 10' 8.81 , 1.06 x 10-' 6.09 , 3.42 x 10-10

Dissociation rate constants were calculated by analyzing the 60
dissociation and association regions of the sensorgrms by
BlA analysis softare. Conventional chemical reaction

kietics were assumed for the interaction between D2E7 and
biotinylated rhTNF molecule: a zero order dissociation and
first order association kinetics. For the sake of analysis, 65
interaction only between one arm of the bivalent D2E7
antibody and one unit of the trmeric biotinylated rhTNF

was considered in choosing molecular inodels for the analy-
sis of the kinetic data. Three independent experiments were
pcrfomied and thc rcsults werc analyzed scparatcly. Thc
averagc apparent dissociation ratc constant (k) of the intcr-

5 action between D2E7 and biotinylated rhTN was
8.81:!1.06xlO-' ç), and the average apparent association

rate constant, ka was 1.91:!1.26xI05 M-I çl, The apparent
intrinsic dissociation constant (Kd) was then calculated by
the formula: K,¡kjka. Thus, the mean KdofD2E7 antibody

10 for rhTNF derived from kinetic parameters was 6.09:!3.42x
10-10 M. Mior differences in the kinetic valucs for the IgGI
form of D2E7 (presented in Tables 2, 3 and 4) and the IgG4
form of D2E7 (presented in Table i and in Examples 2 and
3) are not thought 10 be true differences resulting from the

15 presence of either an IgGl or an IgG4 constant regions but
rather are thought to be attributable to more accurate anti-
body concentrtion measurements used for the IgG i kinetic
analysis. Accoringiy, the kietic values for the IgG i form of
D2E7 presentcd herein are thought to be the most accurate

20 kinetic parameters for the D2E7 antibody.

I

EXAMLE 2

Alanine Scang Mutagenesis of D2E7 CDR325 Domains
¡\ series of single alanine mutations were introduced by

standard methods along the CDR3 domain of the D2E7 VL
and the D2E7 VH regions. The light chain mutations are

30 illustrated in FIG. IB (LD2E7*.AI, LD2E7*,A3,
LD2E7*.A4, LD2E7*.A5, LD2E7*,A7 and LD2E7*.A8,
having an alanine mutation at position i, 3, 4, 5, 7 or 8,
respectively, of the D2E7 VL CDR3 domain). TIie heavy
chain mutations are ilustrated in FIG. 2B (HD2E7*.A1,

35 HD2E7*.A2, HD2E7*A3, HD2E7*.A4, HD2E7"'.A5,
HD2E7*.A6, HD2E7*.A7, HD2E7*.A8 and HD2E7*.A9,
having an alanine mutation at position 2, 3, 4, 5, 6, 8, 9, 10
or 11, respectively, of the D2E7 VH CDR3 domain), The
kinetics of .rhTNFa interaction with an antibody composed

40 of wild-type D2E7 VL and VH was compared to that of
antibodies composed of 1) a wild-tye D2E7 VL paired with
an alanine-substituted D2E7 VB; 2) a wild-type D2E7 VH
paired with an alanine-substitued D2E7 VL; or 3) an
alanine-substituted D2E7 VI. paired with an alanine-substi-

45 lUted D2E7 VH. All antibodies were tested as full-length,
IgG4 molecules.

Kinetics of interaction of antibodies with rhTNFa was
determined by surface plasmon resonance as described in
Example i. The Kaff rates for the different VH pairs are

50 sumarized below in Table 5:

Table 5
,.

Binding of DlE? Alanine-Scan Mutats to BiotinyJated rhTNFo.

VH VL KQ~sec-l)

D2E7 VH D2E7 VL 9.65 x 10-'
HD2E7".AI D2E7 VL 1.4 x 10-'
HD2E7".A2 D2E7 VL 4.6 x 10-4
HD2E7".A3 D2E7 VL 8.15 x 10-4
IimE7".A4 mE7 VL 1.8 x 10-4
HD2E7".A5 D2E7 VL 2.35 x 10-4
HD2E7".A6 D2E7 VL 2.9 x 10-4
HD2E7".A7 D2E7 VL 1.0 x 10-4
HD2E7".A8 D2E7 VL 3.1 x 10-4
HD2E7".A9 D2E7 VL 8.1 x 10-4
D2E7VH LD2E7'.At 6.6 x 10-'
D2E7VH LD2E7'.A3 NOT DETECTABLE
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Table 5-continued

Binding of D2E7 Alanine-Scan Mutants to Biotißvlaied rhTNFo

VII Vi' Ku~sec-I)

02E7 VH L02E7".A4 1. 7S x 10--1
mE7 VI! LD2E7-.A5 U~ x iu-4

mE7VH I.mE7".A7 1.4 x 10-1
D2E7 VH L02E7".A8 3.65 x 10.4
HD2E7".A9 LD2E7".AI 1.05 x 10.4

These results demonstrate that the majority of positions of
the CDR3 domains of the D2E7 VL region and VH region
are amenable to substitution with a single alane residue. 15
Substitution of a single alanine at position 1, 4, 5, or 7 of the
D2E7 VL CDR3 domain or at position 2; 5,6,8,9 or 10 of
the D2E7 VH CDR3 domain does not significantly affect the
off rate of hTNa binding as compared to the wild-type

parental D2E7 antibody. Substitution of alanine at position 20
8 of the D2E7 VL CDR3 or at position 3 of the D2E7 VB
CDR3 gives a 4-fold faster Koffand an alanine substitution
at position 4 or I I of D2E7 VH CDR3 gives an 8-fold faster
K indicating' that these positions are more critical for
bi~ing to hTNFa. However, a singlc alanine substimtion at
position I, 4, 5, 7 or 8 of the D2E7 VL CDR3 domain or at 25
position 2, 3, 4, 5, 6, 8, 9, i 0 or Ii of the D2E7 VH CDR3
domain still results in an anti-hTNa antibody having a Koff
of i xlO-' sec-' or less.

EXAMPLE 3

Binding Analysis of D2E7-Related Antibodies

A senes of antibodies related in sequence to D2E7 were
analyzed for their binding to rhTNFn, as compared to D2F.7,
by surface plasmon resonance as described in Example i.
The amino acid sequences of the YL regions tested are
shown in FIGS.IAand 18. The amno acid sequences of the
VH regions tested are shown in FIGS. 2A and 2B. The
Kofftes for various VHNL pairs (in t~e indicated format,
either as a full-length IgGl or IgG4 antibody or as a scFv)
are swnmarzed below in Table 6:

TABLE 6

Binding of D2D-Related Antibodies to Biotinylated rhTNn

VI! VL Format KouCsec-J)

D2E7 VH D2E7 VL IgGl/IRG4 9.65 x 10--'
VHI-D2 LOE7 IgGI/IgG4 7.7 x 10--'
YHI-D2 LOE7 5cFv 4.6 x 10-4
VHI-D2.N 1.0E7.T IgG4 2.1 x 10-5
YHI-D2.Y L.OE7.A IgG4 2.7 x 10-5
YHI-D2.N LOE7.A IgG4 3.2 x 10--'
YHI-D2 EP Bt2 5cFv 8.0 x 10-4
VHI-D2 2SD4 VL scFv 1.94 x 10-3
3C-H2 LOE7 scFv i. x 10-3

2SD4 VH LOE7 5cFv 6.07 x 10-3
2SD4 VH 2SD4 VL scFv 1.37 x 10-1
YHIAIl 2SD4 VL scFv 1.4 x 10-'

VHIBI2 2SD4 VL scFv 1.01 x 10-'
VHIBll 2S1) VI. scFv 9.8 x 10-3
YHtE4 2SD4 VI. scFv 1.59 x 10-'
VHIF6 2SJ) vt. scFv 2.29 x 10-'
VHID8 2SD4 VL scFv 9.5 x 10 3
VHIGI 2SD4 VL 5cFv 2.14 x 10-1
2SD4 VH EP BI2 seFv 6.7 x 10-3
2SD4 YH VLIOE4 scFv 9.6 x 10-3
2SD4 VH VUOOA9 scFv 1.3 x 10-'

2SD4 YH VLlOOD2 scFv 1041 x 10-'

TABLE 6-continued

Binding of LJ2E7-Related Antibodies 10 Biotinylated rhTNFo

10

VII Vi. Fonmi. KnrrsCC-II

2SD4 VH VUOl'4 scr.v 1.11 x 10-'
2S1) VII VLl.OCS serv 1.6 x IV-'

2SJ) VH VL.LOF9. scFv 6.09 x 10-3
2SD4 VH VLLOFIO scFv 1.4 x 10"

2SD4 VH VLLOG7 scFv 1.6 x 10"

2SD4 VH VLLOG9 scFv 1.46 x 10-'
2SD4 VH VLLOHI scFv 1.7 x 10-1

2SD4 YH VLLOHIO scFv 1.2 x 10-2

2SD4 VH VUB7 scFv 1. x 10-1

2SD4 VH VUCi scFv 1.6 x 10-'

2SD4 VH VUC7 scFv 2.0 x 10-'
2SD4 YH VLO.IF4 scFv 1.6 x 10-'

2SD4 VH VLO.IH8 scFv 1.4 x 10-'

The slow off rates (i.e., Ko~ 1 X 10-4 sec-I) for full-length

antibodies (i.e., IgG fonnat) having a Vi. selected from
D2E7, LOE7, LOE7.T and LOE7.A, which have either a
threonine or an alanine at position 9, indicate that position
9 of the D2E7 VL CDR3 can be occupied by either of these
two residues without substantially affecting the Koff Accord-
ingly, a consensus motif for the D2E7 VL CDR3 compnses
the amino acid sequence: Q-R-Y-N-R-A-P-Y-(T/A) (SEQ
10 NO: 3). Furthermore, the slow offrates (i.e., KorlxlO-4
sec-I) for antibodies having a VH selected from D2E7, VH
I-D2.N and VHI-D2.Y, wluch have either a tyrosine or an

30 asparagine at position 12, indicate that position 12 of the
1)2E7 VH CI)R3 can be occupied by either of these two
residues without substantially affecting the Koff Accord-
ingly, a consensus motif for the D2E7 VH CDR3 comprises
the amino acid sequence: Y-S-Y-L-S-T-A-S-S-L-D-(YIN)

i, (SEQ ID NO: 4).

The results shown in Table 6 demonstrate that, in scFv
format, antibodies coniaining the 2SD4 VL or VB CDR3
region' exhibit a faster Koff (i.e., Ko#lxlO-i sec-I) as
compared to antibodies containing the D2E7 VL or YH

40 CDR3 region. Witlun the VL CDR3, 2SD4 differs from
D2E7 at positions 2, 5 and 9. As discussed above, however,
position 9 may be occupied by Ala (as in 2SD4) or 'Jl (as

in D2E7) without substantially affecting the Koff Thus, by
comparison of 2SD4 and D2E7, positions 2 and 5 of the

45 D2E7 VL CDR3, both arginines, can be identified as being
critical for the association of the antibody with hTNFa.
These residues could be directly involved as contact residues
in the antibody binding site or could contribute critically to
maintaining the scaffolding architecmre of the antibody

50 molecule in this region. Regarding the importance ofposi-
tion 2, replacement of Ar (in LOE7, which has the same VL
CDR3 as D2E7) with Lys (in EP B 12) accelerates the off rate
by a factor of two. Regarding the importance of position 5,
replacement of Ar (in D2E7) with Ala (in LD2E7*.A5), as

55 described in Example 2, also accelerates the off rate two-
fold. FUiermore, without either Arg at positions 2 and 5 (in
2SD4), the off rate is five-fold faster. However, it should be
noted that although posilion 5 is important for improved
binding to hTNFa, a chage at this position can be negated

60 by changes at other positions, as seen in YLLOE4, YLLOH 1
or VLO.IB8.

Within the VH CDR3. 2SD4 differs from D2E7 at posi-
tions I, 7 and 12. As dis~ussed above, however, position 12
may be occupied by Asn (as in 2S1)4) or Tyr (as in 1)2E7)

65 without substantially affecting the Koff' Thus, by comparson
of2SD4 and D2E7, positions I and 7 of the D2E7 VH CDR3
can be identified as being critical for binding to hTNFa. As

¡-
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discussed above, tbese residues could be directly involved as
contact residues in the antibody binding site or could con-
tribute critically to maintaining the scaffolding architectue
of the antibody molecule in this region. Both positions are
important for binding to hTNFa since when the 3C-H2 YH
CDR3 (which has a valine to alanine change at position I
with respect to the D2E7 VH CDR3) is used, the scFv has
a 3-fold faster off rate than when the D2E7 VH CDR3 is
used but this off rate is still four times slower than when the
2SD4 VH CDR3 is used (which has changes at both posi- 10
tions 1 and 7 with respect to the D2E7 VH CDR3).

EXAMPLE 4

Functional Activity of D287

To examine the fuctional activity of D2E7, the antibody
was used in several assays that measure the ability of the
antibody to iribit hTNFa activity, either in vitro or in vivo.

A. Neutralization of TNFu-Induced Cytotoxicity in L929 20
Cells

Human recombinant TNFa (rhTNFa) causes cell cyto-
toxicity to mure L929 cells after an incubation period of
18-24 hours. Human anti-Ilr!'a anti~odi~s we~e evaluated 25

in L929 assays by co incubation of antibodies with rhTNa
and the cells as follows. A 96-well microtiter plate contain-
ing 100 fll of anti-hTNFa Abs was serially diluted V: down
the plate in duplicates using RPMI medium containing 10%
fetal bovine serum (FBS). Fifty microliters of rhTNFa was 30
added for a finol concentration of 500 pg/inl in each sample
well. The plates were then incubated for 30 minutes at room
temperature. Next, 50 i- of TN Fa-sensitive LY29 mouse
fibroblasts cells were added for a final concentration of
5xlO' cells per well, including 1 Jlg/ml Actinomycin-D. 35

Controls included medium plus cells and rhTNFa plus cells.
These controls, and a TNFa standard curve, ranging from 2
ng/ml to 8.2 pg/ml, were used to determine the quality of the
assay and provide a window of neutralization. The plates
were then incubated overnight (i R-24 hours) at 3700 C. in 40
5% CO2,

Onc hundred microliters of medium was removed from
each well and 50 Jli of 5 mg/ml 3,(4,4-dimethylthiazol-2-
yl)2,5-diphenyl-ietrazolium . bromide (MTl: comm~rcially
available from Sigma Chemical Co., St. Louis, Mo.) II PBS 45
was added. The plates were then incubated for 4 hours at 37°
C. Fifty microliters of 20% sodium dodecyl sulfate (SDS)
was then added to each well and the plates were incubated
overnght at 370 C. The optical density at 570/630 nm was
measured, curves were plotted for each sample and ICsos 50

were determined by standard methods.
Representativc results for human antibodies having vari-

ous VL and VH pairs, as compared to the murne MAK 195
mAb, are shown in FIG. 3 and in Tahle 7 helow.

TABLE 7

Nclltralizßlion ofTNn-lnclliccri 1.929 Cyloloxicity

VH Vi. Structure IC,o, M

mE7 mF.7 scFv i. i x 10-10
mF.7 mF.7 IgG4 4.7 x 10-11
2SD4 2SD4 scFv/lgG JlIgG4 3.0x 10'
2SD4 LOE7 scFv 4.3 x 10..8

VHI-D2 2SD4 5cFv 1.0 x 10-'
VH1-D2 LOE7 scFv/lgGJlIgG4 3.4 x 10-10

VHI.D2.Y LOE7.T IgG4 8.t x 10-11
VHI-D2.N LOE7.T IgG4 1.3 x 10-10

TABLE 7-continued

:"eutralization of TNFa-lnduced L929 eytotoxiciry

VH VI. Stnicnire ie,o, M

VHI-D2.Y LOE7.A IgG4 2.8 x 10 II
VHI.ll.N LOE7.A IgG4 6.2 x 10-11

MAK 195 MAK 195 scFv 1.9 x 10--
MA 195 MAK 195 F(ab'h 6.2 x 10-11

The results in FIG. 3 and Tahle 7 demonstrate that the D2E7
human anti-hTNFa antibody, and various D2E7-related
antibodies, neutralize TNa-induced L929 cytotoxicity with

15 a capacity approximately equivalent to that of the murine

anti-hTNFa mAb MAK 195.
In another series of cxperiments, the ability of the 19G i

form of D2E7 to neutralize TNFa-induced f ,929 cytotoxic-
ity was examined as described above. The re~ult~ ¡ruin three
independent experiments, and the average thereof, are sum-
marized below in Table 8:

TABLE 8

Neutra.liziition ofTNFa-Induced L929 Cytotoxicity by D2E? IgGI

Experiment ICso 1M)

Averagt:

1.6 X 10-10

1.33 x 10-10
I.IS x 10-10

1.25 r: 0.01 x 10-10

This ,eries of experiments confirmed that 02R7, in the

full-length IgG i form, neutmlizes TNFu-induced L929
cytotoxicity with an average ICso lMJ of 1.25:t0.OlxI0-Jo.

B. Inhbition of TNFa Binding 10 TNFa Receplor~ on

U-937 Cells
The ability of human anti-hTNa antibodies to inhbit the

binding of hTNa to hTNFa receptors on the surface of
cells was examined using the U-937 cell line (ATCC No,
CRL 1593), a human histiocytic cell line that expresses
hTNFa receptors. U-937 cells were grown in RPMl 1640
medium supplemented with 10% fetal bovine serum (Hy-
clone A-IIII, Hyclone Laboralories, Logan, UT),

L-gluiamine (4 nM), HEPES buffer solution (10 mM),
peniciJln (100 Jlg/ml) and streptomycio (l00 Jlg/ml). To
examine the activity of full-length IgG antibodies, U-937
cells were preincubated with PBS supplemented with 1
mglml of human IgG (Sigma 1-4506, Sigma Chemical Co.,
St. Louis, Mo.) for 45 minutes on ice and then cells were
washed thec times with binding buffer. For the receptor
binding assay, U-937 cells (5xl 06 cells/well) were incubated
in a binding bulTer (pBS supplemented with 0.2% bovine

55 seru albumin) in 96-well microtiter plates (Costar 3799,
Costar Corp., Cambridge. Mass.) together with ¡251_labeled

rhTNa (3xlO-IO M; 25 JlCi/ml; obtained from NEN
Research Products, Wilmington, DeL.), with or without anti-
hTNFa antibodies. in a total volume of 0.2 ml. The plates

60 were incubated on ice for 1.5 hours. Then. 75 pi of each
sample was transferred to 1.0 ml test tubes (Sarstedt 72.700,
Sarstedt Corp., Princeton, N.J.) containing dibutylphthalate
(Sigma D-2270, Sigma Chemical Co., St. Louis, Mo.) and
dinonylphthalate (lCN 210733, ICN, Irvine, Calif.).lbe test

65 tubes contained a 300 i- mixture of dibutylphthalate and

dinonylphthalate, 2: i volume ratio, respectively. Free (i.e"
unbound) 12sl_labeled rhTNFa was removed by microcen-

;
i
;.
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tritugation for five minutes. Then, each test tube end con-
taining a cell pellet was cut with the aid of a microtube
scissor (Bel-Ar 210180001, Bel-Ar Products, Pequannock,
N.J.). The cell pellet contains i 

251-labeled rhTNa, bound to

the p60 or p80 TNFa receptor, whereas the aqueous phase
above the oil mixture contains excess free 12SI_labeled

rhTNFa. All cell pellets were collected in a counting tube
(Falcon 2052, Becton Dickinson Labware, Lincoln Park,
N.J.) and counted in a scintillation counter.

Representative results are shown in F1G. 4. The ICso value 10
for D2E7 inhibition ofhTNFa binding to hTNFa receptors
on U-937 cclls is approximately 3xl 0-10 M in thcsc cxperi-
ments. These results demonstnite that the D2E7 human
anti-hTNFa. antibody inhibits rhTNa. bim1ing to hTNFa.
receptors on U-937 cells at concentrations approximately 15

equivalent to that of the murne anti-hTNFa mAb MAK
195.

Tn another series of experiments, the ability of the IgGl

form of D2E7 to inhibit rhTNFa binding to hTNFa recep-
tors on U-937 cells was examined as described above. The 20
results from three independent experiments, and the average
thereof, are sumarized below in Table 9:

TABLE 9

Inibition ofTNF Receptor Binding on U.937 Cells by 02£7 IgG!

Experimenr IC,oIMI

1
2
3

Average

1.70 x 10-10
1.49 x 10-10
1.0 x 10- '0

1.56 :i 0.12 x 10-10

This series of experiments confied that D2E7, in the
full-length IgGI form, inhbits TN receptor binding on
U-937 cells with an average 1Cso (MJ of 1.56:t0.12xlO-lO.

To investigate the inhibitory potency of D2E7 in the
binding of 1"I-rhTNF binding to individual p55 and p75
receptors, a solid phase racloiniiiiunoassay was performed.
To measure the ICso values of D2E7 for separate TNF
receptors, varying concentrtions of the antibody were incu-
bated with 3xlO-1O concentration of 1251-rhTNF. The mix-

ture was thcn tested on separate plates containing cither thc
p55 or the p75 TNF receptors in a dose dependent maner.
The results are sumarized below in Table i 0:

TABLE 10

Inhibition of TN Receptor Binding to
p55 and p 75 TNR by mE7 IgG 1

ICsp(MI

Reagent p55 TNFR P 75TNFR

D2E7
rhTNF

1.47 x 10-.
2.31 x 10-'

1.6 x 10...

2.70 x 10-9

1nhibition of 125I-rhTNF binding to the p55 and p75 TNF
receptors on U937 cells by D2E7 followed a simple sigmoi-
dal curve, indicating similar ICso values for each receptor. In
the solid phase radioimmunoassay (R1A) experiments with
recombinant TN receptors, 1Cso values for inhibition of
12sl_rhTNF binding to the p55 and the p75 receptors by

D2£7 were calculated as 1.47xlO-9 and 1.26x10-9 M,
respectively. The decrease in 1Cso values in the solid phase 65
was probably due to higher density of receptors in the R1A
format, as unlabeled rhTN also inhibited with similar 1Cso

40
values. The ICso values for inhibition of 121-rhTNF binding
to the p55 and the p75 receptors by unlabeled rhTNF were
2.3lxlO-9 and 2.70xI0-9 M, respectively

C. 1nhibition of ELAM-1 Expression on HUVEC
Human umbilical vein endothelial cells (HUC) can be

induced to express endothelial cell leukocyte adhesion mol-
ecule I (ELAM-l) on their cell-surface by treatment with
rhTNa, which can be detected by reacting rhTNFa-treated
IJUVC with an mouse anti-human ELAM-) antibody. The
ability of human anti-hTNFa antibodies to inhbit this
TNa-induced expression of ELAM-I on HUVEC was
examined as follows: HUVEC (AlCC No. CRL 1730) were
plated in 9ó-well plates (5x104 cells/well) and incubated

overnight at 370 C. The following day, serial dilutions of
human anti-hTNa antibody (I :10) were prcpared in a
microtiter plate, starting with 20-100 Ilglnù of antibody. A
stock solution of rhTNFa was prepared at 4.5 nglml, ali-
quots of rhTNFa were added to each antibody-containing
well and the contents were mixed welL. Controls included
mediiu alone, medium plus anti-hTNFa antibody and

medium plus rhTNFa. The HUVC plates were removed
from their overnight incubation at 370 C. and the medium

25 gently aspirated from each welL. Two hundred microliters of
the antibody-rhTNFa mixture were transferred to each well
of the H1JVEC plates. The H1JVEC plates were then further
incubated at 370 C. lor 4 hours. Next, a murine anti-
ELAM-I antibody stock was diluted 1:1000 in RPMI. .lbe

30 mecliu in each well of the HUVC plate was gently
aspirated, 50 Ill/well of the anti-ELAM-I antibody solution
was added and the HUVEC plates were incubated 60
minutes at room temperature. An 12s1_labeled anti-mouse Ig

antibody solution was prepared in RPMJ (approximately

35 50,000 cpm in 50 Ill), The medium in each well of the
HUVEC pla1es was gently aspirated, the wells were washed
twice with RPMl and 50 III of the J21-labeled anti-mouse 19

solution was added to each welL. The plates were incubated
for one hour at room temperature and then each well was

40 washed thee times with RPM!. One hundred eighty micro-
liters of 5% SDS was added to each well to lyse the cells.
The cell lysate from each well was then transferred to a tube
and counted in a scintillation counter.

Representative results are shown in FIG. 5. The lCso value

45 tor D2E7 inhibition of hTNa-induced expression of
ELAM-I on HUVEC is approximately 6x10-11 M in these
experiments. These results demonstrate that the D2E7
human anti-hTNFa antibody inhbits the hTNFa-induced
expression of ELAM-l on HUEC at concentrations

50 approximately equivalent to that of the murne anti-hTNa
mAb MAK 195.

In another scries of experiments, the ability of the IgG 1

form of D2E7 to inhibit hTNFa-induced expression of
ELAM-I on HUVEC was examined as described above. The

55 results from three independent experiments, and the average
thereof, are summarized below in Table 11:

TABLE 11
¡
I.
I
;60 Inhibition ofTNa-lnduced ELAM-J Expression by mE7 IgGI Receptor

Experiment ICsolMJ

1
2

3
Average

1.95 x 10.10
1.69 x 10-10
1.90 x to-IO

1.85 ,. 0.14 x to-IO
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This series of experiments coo firmed that D2F7, in the
full-length IgGl form, inhbits TNFa-induced ELAM-l
expression on HUVEC with an average ICs" (MJ of
L85:i0.I4xI0-io,

The neutrlization potency of 02E7 IgG I was also exam- 5
ined for the rhTN induced expression of two other adhe-

sion molecules, ICAM-I and VCAM-L Since the rhTNF
titration curve for ICAM-I expression at 16 hours was very
similar to the curve of ELAM- i expression, the same

concentration of rhTNF was used in the antibody neutral- 10
ization experiments. The HUVEC were incubated with
rhTN in the presence of varing concentrations ofD2E7 in
a 37° C. CO2 incubator for 16 hours, and the ICAM-l
expression was measured by mouse anti-ICAM-I antibody
followed by 12sI_Iabeled sheep anti-mouse antibody. Two 15
independent experimcnts were performed and the ICso val-
ues were calculated. An unrlated human IgG I antibody did
not inhibit the ICAM-I expression.

The experimental procedure Lo test inhbition olVCAM-1
expression was the same as the procedure for ELAM-I 20
expression, except anti-VCAM-I MAb was used instead of
anti-ELAM-I MAb. Thee independent experiments were
performed and the ICso values were calculated. An unrelated
human IgGI antibody did not inhbit VCAM-I expression.

The results are summarized below in Table 12:

TABLE 12

Inhibition of ICAM- I and VCAM.I Expression by D2E? IgG I

ICAM-I Inhibition ICwfM)

Experiment ICso (M)

1.4 x 10-10

2.49 x 10-10

Experiment tC,o (M)

Average 2.17'% 0.46 x 10-l0 Average

1.03 x 10-10
9.26 x 10-"
1.06 x 10-10 .15

1.01 :i 0.01 X 10-10

These experients demonstrate that treatment of primar
human umbilical vein endothelial cells with rhTN led to
optimum expression of adhesion molecules: ELAM-I and 40
VCAM-I at four hours, and the maximum up-regulated
expression of ICAM- I at 16 hours. D2E7 was able to inhbit
the expression of the thee adhesion molecules in a dose

dependent manner. TIie ICso values for the inhibition of
ELAM-I, ICAM-I and VCAM-I were L85xlO-lo, 2.I7x 45
i 0-10 and 1.0 i xi 0-10 M, respectively. These values are very
similar, indicating similar requircmcnts for the dose of
rhTN activation signal to induce ELAM-I, ICAM-I and

. VCAM-I expression. Interestingly, D2E7 was similarly
effective in the longer inhibition assay of the the ICAM-I 50
expression. The ICAM-l inhibition assay required 16 hours
of co-incubation of rhTN and D2E7 with HUC as
opposed to 4 hours required for the EL.'\M -i and the
VCAM-l inhibition assays. Since D2E7 has a slow off-rate
for rhTNF, it is conceivable that during the 16 hour co- 55

incubation pcriod thcrc was no significant compeiitioo by
the TNF receptors on the HlNEC

O. In vivo Neutralization of hTNa
1liee different in vivo systems were used to demonstrate

that 02E7 is effective at inhibiting hTNFa activity in vivo.
1. Inhibition of TNf-lnduced Lethality in D-Galac-

tosamine-Sensitized Mice
Injection of recombinant hwnan TNFa (rhTNFa) to'

D-galactosae sensitized mice causes lethality within a 24
hour time period. TNa neutralizing agents have been
shown to prevent lethality in this modeL. To examine the

ability of human anti-hTNFa antibodies to neutralize
hTNFo. in vivo in Ù1is model, C57BI/6 mice were injected
with varying concentrations of D2E7-lgGI, or a control
protein, in PBS intraperitoneally (i.p.). Mice were chal-
lenged 30 minuies later with i fig of rhTNFa and 20 mg of
D-gaJactosamie in PBS i.p., and observed 24 hours later.
These amount of rhTNFa and O-galactosamine were pre-
viously determined to achieve 80-90% lethality in these
mice.

Representative results, depicted as a bar graph of %
surival versus antibody concentration, are shown in FIG. 6.

The black bars represent D2E7, whereas the hatched bars
represent MAK 195. Injection of 2.5-25 fig of D2E7 anti-
body per mouse protected the animals from TNFo.-induced
leÙ1ality. The EDso valuc is approximatcly 1-2.5 fig/mouse.
The positive control antibody, MAK 195, was similar in its
protective ability. Injection of D2E7 in the absence of
rhTNFa did not have any detrimental effect on the mice.
Injection of a non-specific human IgG I antibody did not
offer any protection from TNFa-indueed lethality.

In a second experiment, forty-nine mice were divided into

25 7 equal grups. Each group received varying doses of 02E7
thir minutes prior to receiving an LOBO dose of rhTNF/O-

galactosamine mixture (L.O fig rhTNF and 20 mg O-galac-
Losamne per mouse). Control group 7 received normal
hwnan IgG i kappa antibody at 25 fig/mouse dose. The mice

30 were examined 24 hours later. Survival for each grup is
summarized below in Table n.

TABLE 13

24 Hour Surival After Treatment with D2E?

Group Survival (.live/totaL) SurvivaJ (%)

t (no antibody)

2 (I ¡ig)

3 (2.6 ¡ig)

4 (5.2 ¡ig)

5 (26 ¡ig)

6 (26 ii; 110 rliTN)
7 (25 ii Hu IgGI)

017

117

517

617

617

717

117

o

14

71

86

86

I()
14

II. Inhibition of TN-Induced Rabbit Pyrexia
The effcacy of D2E? in inibiting rhTNF-induced pyr-

exia response in rabbits was examined. Groups of three
NZW female rabbits weighng approximately 2.5 kg each
were injected intravenously with D2E7, rhTN, and immune
complexes of 02E7 and rhTN. Rectal temperatures were
measured by thermistor probes on a Kaye thermal recorder
every minute for approximately 4 hours. Recombinant

human TNF in saline, injected at 5 figlg, elieted a rise in
iemperature greater than 0.4° C. at approximately 45 min-
utes ~fter injection. Die anlibody preparaLion by itself, in

60 saline at a dosc of 138 fig/kg, did not elicit a risc in

temperature in the rabbits up to 140 minutes after adminis-
tration. In all further experiments, 02E7 or control reagents

(human IgGI or a saline vehicle) were injected i.v. into
65 rabbits followed 15 miutes later by an injection of rhTN

in saline at 5 figlg i.v. Representative results of several

experients are summarzed below in Table 14:
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TABLE 14

inhibition of rhTNF~¡nduced Pyrexia with DlE? in Rabbi!s

Temp. rise.. 0 C. Molar Ratio Penk Temp.

rhTNF + D2E7: minures
D2E7 dose (¡g/g) rhTNF D2El % Inhib... rhTNF post rhTN

14 0.53 0.25 53 I 60
24 0.43 0.13 10 1.6 40
48 0.53 0.03 94 3.3 50

137 0.53 0.00 100 9.5 60
792 0.80 0.00 100 55 60

il= Peak remperature

"*= % inhibition" (1-\ temperatu rise with rhTNF & D2E7/temperalure rise with
rhTNF alone)) x 100.

Intravenous pretreatment with D2E7 at a dose of 14 ¡iglg
parially inhibited the pyrogenic response, compared to
rabbits pre-treated with saline alone. D2E7 admnistered at 20
137 ¡iglg totally suppressed the pyrogenic response of
rhTNI' in the same experiment. In a second experiment,

D2E7 administered at 24 ¡ig/g also partially suppressed the
pyrogcnic rcsponsc, compared to rabbits prctrcatcd with
sal inc alonc. Thc molar ratio of D2E7 to rhTN was '161 in 25
this experiment. In a third experiment, D2R7 injected i.v. at
48 ¡ig/g (molar mtio D2E7:rhTNF;3.3: 1) totally sup-
pressed the pyrogenic response, compared to rabbits pre-
treated with the control human IgGI in saline at 30 ¡iglkg.
In the final experiment, rabbits pretreated with D2E7 (792 30
¡ig/g) at a very high molar ratio to rhTNF (55:1) did not
develop any rise in temperatue at any time up to 4 hours of
observation. Treatment of rabbits with immune complexes
genernted from a mixtre ofD2E7 ind rhTNF incubated at
37° C. for I hour at a molar ratio of 55: 1, without subsequent 35
rhTNI' administration, also did not elicit any rise in tem-
perature in the same experiment.

JI. Prevention of Polyarhritis in TgI 97 Transgenic Mice
The effect of D2E7 on disease development was investi-

gated in a transgenic murine model of arthritis. Transgenic
mice (TgI97) have been generated that express human wild
type TNF (modified in the 3' region beyond the coding
sequences) and these mice develop chrnic polyarthritis
with 100% incidence at 4-7 weeks of age (see EMBO J.
(1991) 10:4025-4031 for fuer description of the Tgl97 45
model of polyarthritis).

Transgenic anmals were identified by PCR at 3 days of
age Liners of transgenic mice were divided into six groups.
Transgenic mice were verified by slot-blot hybridization
analysis at 15 days of age. The treatment protocols for the 50

six groups were as follows: Group i ;no treatment; Group
2-saline (vehicle); Group 3-D2R7 at 1.5 ¡ig/g: Group
4=D2F.7 at 15 ¡iglg; Group 5;D2F7 at 30 ~iglg: and Group
6=lgGl isotype control at 30 ¡iglg. A litter with non trans-
genic mice was also included in the study to serve as a 55
control (Group 7-nontransgenic; no treatment). Each group

received three i.p. injections per week of the indicated
treatments. Injections continued for 10 weeks. Each week,
macroscopic changes in joint morphology were recorded for
each animaL. At 10 weeks, all mice were sacrificed and 60
mouse tissue was coIlected in formalin. Microscopic exami-
nation of the tissue was performed.

Anmal weight in grms was taken for each mouse at the
start of each week. At the same time measurements of joint
size (in mm) were also taken, as a measurement of disease 65
severity. Joint size was established as an average of the
measurements on the hind right anle using a micrometer

device. Arhrtic scores were recorded weekly as follows:

O;No artis, (normal appearence and flexion); +=mild

artitis (joint distortion); ++=moderate arthrtis (swelling,

joint deformation) and +++;heavy arthrtis (anylosis
detected on flexion and severely impaired movement). Ilis-
topathological scoring based on haematoxylinleosin staining
of joint scctions was based as follows; O=No dctectablc
diseasc; I =proliferation of Ihe synovial membrane; 2=heavy
synovial thickening 3=cartilage destruction and hone ero-
sion.

The effect ofD2E7 treatment on the mean joint size of the
Tg 197 transgenic artitic mice is shown in the graph of

FIG. 9. The histopathological and arttic scores of the

Tgl97 transgenic mice, at 11 weeks of age, are summarized
below in Table 15:

TABLE 15

Effect of DlE? on Histopathology and .i\ritic Score in Tg197 Mice

Group Treatmem Histopathological Score Arritic Score

i none 3 (710 +++ (7!7)

40 2 saline 3 (8/8) +++ (818)
6 IgGI control 3 (919) +++ (7/9)
3 D2E7 at I. ~g¡g 0(618) 0(8/8)
4 D2El at 15 ~glg 0(7/8) o (8/8)

D2E7 at 30 ~glg 0(8/8) 0(8/8)

This experient demonstrated that the D2E7 antibody has

a defite beneficial effect on transgenic mice expressing the

wild-type human TN (TgI 97) with no arhrtis evident afer
the study period.

E. D2E7 Neutralization of TNFas from Other Species
The binding specificity of D2E7 was examined by mea-

suring iis ahility 10 neutralize nimor necrosis lactors from
various primate species and Ii-om mouse. using an L929
cytotoxicity assay (as described in Example 4, subsection A,
above). The results are summarized in Table 16 below:

TABLE 16

Ability of D2E7 to Neutralize TN from Different Species in the L929
. Assay

TNu' Source
IC,o for D2E7

Neutrizaion (M)..

Human
Chimpanzee

baboon
marmoset

Recombinat
LPS-stimulated PBMC

Recomb ¡nauL

LPS-stimulated PBMC

7.8 X 10-11
5.5 x 10-11
6.0 x 10-11
4.0 x 10-10
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TABLE 16-continued

46
Forming part of the present disclosure is the appended

Sequence Listing, the contents of which are sumarzed in
the table below:

Ability of D2E7 to Neutralize TNF from Different Spi:cies iii the L929
Assay

TNa' Source
IC,o for D2E7

Neutralization (M)"
SEQUENCE TYPE

cynoinolg¡is
rhesus
canine
porcine
murine

R.O X 10-11
3.0 X LO-1L

2.2 x 10.10
1.0 x 10.7

~1.0 x 10.7

LPS-stimiilatccl PB.YC
LPS-stimulaied PBMC
LPS-stimui.ied WBC

Recombinant
Recombinant

The results in Table 16 demonstrte that 02E7 can
neutralize the activity of five primate TNFas approximately IS
equivalently to human TNFa and, moreover, can neutralize
the activity of canine TNFa (about tcn-fold lcss wcll than
human TNFa) and porcinc and mousc TNFa (about- i OOQ-
fold less well than human TNla). Moreover, the binding of 20
02E7 to solution phase rhTNFa was not iJÙibited by other
cytokines, such as Iymphotoxin (fNFß), lL-1 a, IL-l ß, IL-2,
lL-4, IL-6, IL-8, IFNy and TGFß, indicating that 02E7 is
very specific lor its ligand TNFa.

F. Lack of Cytokine Release by Human Whole Blood 25
Incubated with 02E7

In ths example, the ability of 02E7 to induce, by itself,
normal hwnan blood cells to secrete cytokines or shed cell
surlàce molecules was examined. 02E7 was incubated with 30
diluted whole blood from thee different normal donors at
varing concentrations for 24 hours. An LPS positive con-

trol was nm at the same time, at a concentration previously
determined to stimulate immunocompetent blood cells to
secrete cytokines. The supernatants were harvested and )5
tested in a panel of ten soluble cytokine, receptor and

adhesion molecule ELISA kits: lL- i n, IL-I ß, IL-l receptor
antagonist, IL-G, IL-8, TNa, soluble TN receptor I,
soluble TNF receptor II, soluble ICAM-I and soluble E-se-
lectin. No signficant amounts of cytokines or shed cell 40
surface molecules were measured as a result of 02E7

antibody co-incubation, at concentrations up to 343 /lglml.
Control cultures without the addition of the antibody also

did not yield any measurable amounts of cytokines, whereas
the LPS co-culture control yielded elevated values in the 45
high picogram to low nanogram range. 'Iùese results indi-
cate that 02E7 did not induce whole blood cells to secrete
cytokines or shed cell surface proteins above normal levels
in ex vivo cultures.

SEQ lD NO:

10

ANTIBODY
CHAIN

I
2
3
4
5

6
7

8
9

io
11
12

13
14

15

16
17
18
19

20
21
22
23
24
25

26
27
28
29
)0
)1
32
33
34
)5
)6
37

D2E7
D2E7
D2E7
mE7
D2E7
D2E7
D2E7
D2E7
2SD4
2SD4
2SD4

EP III 2
VLlOE4

VLlOO,\9
VLLJOOD2

VLLOF4
LOE5

VLLOG7
VLLOG9
VLLOHI

VLLOH10
VLIB7
VUCI

VLO.IF4
VLO.IH8
LOE7.A
25D4

VH1BIJ
Vl'¡DB
VEIAI!
VHIBI2
VHlE4
VH1F6
3C-H2

Vll-D2.N
D2E7
D2E7

REGION

VL
VH

VL CDR3
VH CDR3
VL CDR2
VH CDR2
VL CDRI
VH CDRl

VL
Vt!

Vi. CDR)
Vi. CDR)
VL CDR3
VL CDR)
VL CDR3
Vi. CDR3
VL CDR3
VL CDR3
VL CDR3
VL CDR)
VL CDRJ
VL CDR)
VLCDlU
VL CDR3
VL CDR3
VL CDR3
VH CDR3
VH CDR3
\it! CDR3
VH CDR)
VH CDR3
VH CDR3
VII CDR3
VH CDR3
Vt! CDR)

VL
VH

amino acid
amino acid
llino acid

amino acid
amino acid
Ilmino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acirl
amino Ilcid

amino a.cid

amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
iuiiino a.cid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acid
amino acici

nucleic f\id
nucleic acid

EQUIVALENTS

Those skilled in the an will recognize, or be able to
ascertain using no more than routine experimentation. many
cquivalents to the specific embodiments of the invention
described herein. Such equivalenis are inlended to be
encompassed by the following claims.

SEQUENCE LISTING

(1) GENERA INFORMTION:

(iii) NUMBER OF SEQUENCES: 37

(2) INFORMTION FOR SEQ "D NO: 1:

(i) SEQUENCE CHARCTERISTICS:
(A) LENGTH: 107 amino acid6
(B) TYPE: amino acid
(D) TOPOLOGY: linear

( ii) MOLECULE TYPE: peptide
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-continued

(V) FRAGMENT TYPE; internal

(xi) SEQUENCE DESCRIPTION, SEQ ID NO, 1:

ASp lIe GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Vcl GlyI 5 10 15
Asp Arg Val Thr lIe Thr Cys Arg Ala Ser Gln Gly lIe Arg Asn Tyr20 25 30
Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu rle35 40 45
Tyr Ala Ala Ser Thr Leu Gln Ser Gly va.l Pro Ser Arg Phe Ser Gly

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80

Glu Asp Val Ala Thr Tyr Tyr Cys GIn Arg Tyr ASß Arg Ala Pro Tyr
85 90 95

Thr Pha Gly Gln Gly Thr Lys Val Glu lIe Lys100 105
(2) INFORMTION FOR SEQ ID NO, 2:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 121 wmino acids
(B) TYPE: amino ae id
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION, SEQ ID NO, 2,

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly ArgI 5 10 15
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr20 25 30
Ala Met His Trp Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val35 40 45
Ser Ala lle Thr Trp Asn Ser Gly His TIe Asp Tyr Ala Asp Ser Val

50 55 60

Glu Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Aso Ser Leu Tyr
65 70 75 80

Leu GIn Met Aso Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cy.
85 90 95

Ala Lys Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Tyr Trp Gly100 ios 110
GIn Gly Thr Leu Val Thr Val Ser Ser115 120
(2) INFORMTION FOR SEQ ID NO: 3,

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 omino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE, internal

(ix) FEATURE,

(A) NAME/KEY' Modified-site
(B) LOCATION, 9
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(Dl OTHER INFORMTION: /note- 'Xaa is Thr or Ala"

(xi) SEQUENCE DESCRIPTION, SEQ 10 NO, 3:

GIn Arg Tyr Asn Arg Ala Pro Tyr Xaa1 5
(2) INFORMTION FOR SEQ 10 NO, 4:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE: omino acid
(D) TOPOLOGY: 1 inear

(ii) MOLECULE TYPE, peptide

(v) FRAGMENT TYPE: internal

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION: 12
(D) OTHER INFORMTION: /note= "Xaa is Tyr or Asn"

(xi) SEQUENCE DESCRIPTION, SEQ 10 NO, 4:

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Xaa1 10
(2) INFORMTION FOR SEQ 10 NO,S:

(i) SEQUENCE CHACTERISTICS'
(A) LENGTH: 7 amino acids
(B) TYPE: amino Be id
(D) TOPOLOGY, linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 5,

Ala Ala Ser Thr Leu GIn SerI 5
(2) INFORMTION FOR SEQ 10 NO: 6,

(i) SEQUENCE CHACTERISTICS,
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 6:

Ala rle Thr Trp Aso Ser Gly His lIe Asp Tyr Ala Asp Ser Vol Gl1 5 10 15
Gly

(2) INFORMTION FOR SEQ ID NO: 7:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 11 amno acids
(B) TYPE: amino Be id
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 7:
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Arg Ala Ser GIn Gly lIe Arg Asn Tyr Leu Ala1 5 10
(2) INFORMTION FOR SEQ 10 NO: 8 :

( i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: S amino acids

(8) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 :

Asp Tyr Ala Met His
1 5

(2) INFORMTION FOR SEQ ID NO: 9:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 107 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: int ernal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Asp lIe GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser lIe Gly1 5 10 15
Asp Arg Vol Thr lIe Thr eys Arg Ala Ser GIn Gly TIe Arg Asn Tyr20 25 30
Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu lIe35 40 45
Tyr Ala Ala Ser Thr Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80

Glu Asp Val Ala Thr Tyr Tyr Cy. Gln Lys Tyr Asn Ser Ala Pro Tyr
85 90 95

Ala Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 ios

(2) INFORMTION FOR SEQ ID NO: 10:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 121 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY; linear

Iii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg1 5 10 15
Ser Leu Arg Leu Ser cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr

20 25 30

Ala Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu ASP Trp Val

35 40 45

Ser Ala Ile Thr Trp Asn Ser Gly His lIe Asp Tyr: Ala Asp Ser Val
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50 55 60

Glu Gly Arg Phe Ala Val Ser Arg Asp Asn Ala Lys Asn Ala Leu Tyr
65 70 75 80

Leu GIn Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Thr Lye Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu ASp Asn Trp Gly
100 105 110

GIn Gly Thr Leu Val Thr val Ser Ser115 120
(2 ) INFORMTION FOR SEQ ID NO: 11:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino ae ids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

Gin Lye Tyr ABn Ser Ala Pro Tyr Ala
1 5

(2) INFORMTION FOR SEQ 1D NO: 12 :

(i) SEQUENCE CHACTERrSTICS:
(Al LENGTH: 9 anun 0 Be ids

(Bl TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internel

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 :

Gin Lys Tyr Asn Arg Ala Pro Tyr Ala
1 5

(2) INFORMATION FOR SEQ ID NO: 13 :

(i) SEQUENCE CHACTERISTICS:
(Al LENGTH: 9 amino acids
(8) TYPE: amino acid
(D) TOPOLOGY: linear

(iil MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 13 :

Gin LYB Tyr GIn Arg Ala Pro Tyr Thr
1 5

(2l INFORMTION FOR SEQ ID NO: 14 :

(i) SEQUENCE CHACTERISTICS:
(Al LENGTH: 9 amino acids

(Bl TYPE: amino acid
(D) TOPOLOGY: linear

(iil MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO: 14 :
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GIn Lys Tyr Ser Ser Ala Pro Tyr Thr
I 5

(2 ) INFORMTION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 9 aJTno acids

(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

GIn Lys Tyr Asn Ser Ala Pro Tyr Thr
I 5

(2) INFORMTION FOR SEQ ID NO: 16:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino ae ids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16 :

GIn Lys Tyr Asn Arg Ala Pro Tyr Thr
I 5

(2 ) INFORMTION FOR SEQ ID NO: 17:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: inter-nal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 :

GIn Lye Tyr Asn Ser Ala Pro Tyr Tyr
I 5

(2) INFORMTION FOR SEQ ID NO: is:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids

(B) TYPE: oßUno acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: is:

GIn Lys Tyr Asn Ser Ala Pro Ty r Asn
I 5

(2) INFORMTION FOR SEQ ID NO: 19:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino ae id
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

Gin Lye Tyr Thr Ser Ala Pro Tyr Thr
1

(2) INFO~UlTION FOR SEQ ID NO: 20 :

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

GIn Lys Tyr Asn Arg Ala Pro Tyr Asn
1 5

(2 ) INFORMATION FOR SEQ ID NO: 21 :

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(E) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DEScRIPTION: SEQ ID NO: 21 :

GIn Lye 'l'yr ABO Ser Ala Ala Tyr Ser
1 5

(2) INFORMTION FOR SEQ ID NO: 22 :

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: 1 inear

(E) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internal

(xi) SEQUENCE DEScRIPTION: SEQ ID NO: 22 :

GIn GIn Tyr Asn Ser Ala Pro Asp Thr
1 5

r

(2) INFORMTION FOR SEQ ID NO: 23:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(E) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 :

GIn Lye Tyr Aso Ser Asp Pro Tyr Thr
1 5

(2) INFORMTION FOR SEQ ID NO: 24:
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(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(8) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(V) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24 :

GIn Lys Tyr lIe Ser Ala Pro Tyr Thr
1 5

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

GIn Lye Tyr Aen Arg Pro Pro Tyr Thr
1 5

(2) INFORMTION FOR SEQ ID NO: 26 :

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 11

GIn Arg Tyr Asn Arg Alö Pro Tyr Ala
1 5

(2 ) INFORMATION FOR SEQ ID NO: 27 :

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27 :

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp A6n

1 5 10

(2) INFORMTION FOR SEQ ID NO: 26:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acid.
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:
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Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Lys1 5 10
(2) INFORMTION FOR SEQ ID NO: 29:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Tyr1 5 10
(2) INFORMTION FOR SEQ ID NO: 30:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asp1 5 10
(2) INFORMATION FOR SEQ ID NO: 31:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE: amino ae id
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:

Ala Ser Tyr Leu Ser Thr Ser Phe Ser Leu Asp Tyr1 5 10
(2) INFORMTION FOR SEQ ID NO: 32:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: 1 inear

( ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu His Tyr1 5 10
(2) INFORi1ATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE: amino ae id
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:

Ala Ser Phe Leu Ser The Ser Sec Ser Leu Giu Tyr1 5 10
(2) INFORMTION FOR SEQ ID NO: 34:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 12 amno acids
(B) TYPE; amino Be id
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:

Ala Sec Tyr Leu Sec Thr Ala Ser Ser Leu GIu Tyr1 10
(2) INFORMTION FOR SEQ ID NO: 35:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH; 12 amno acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 35:

Val Ser Tyr Leu Sec Thr Ala Sec Sec Leu Asp ABn1 5 10
(2) INFORMTION FOR SEQ 10 NO: 36:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 321 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: eDNA

(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 36:

GACATCCAGA TGACCCAGTC TCCATCCTCC CTGTCTGCAT CTGTAGGGGA CAGAGTCACC 60

ATCCTTGTC GGGCAAGTCA GGGCATCAGA AATTACTTAG CCTGGTATCA GCACCA 120

GGGAAGCCC CTAAGCTCCT GATCTATGCT GCATCCACTT TGCAATCAGG GGTCCCATCT 180

CGGTTCAGTG GCAGTGGATC TGGGACAGAT TTCACTCTCA CCATCAGCAG CCTACAGCCT 240

GAAGATGTTG CAACTTATTA CTGTCAAGG TATAACCGTG CACCGTATAC TTTTGGCCAG 300

GGGACCAAGG TGGAATCAA A 321

(2) INFORMATION FOR SEQ 10 NO: 37:

(i) SEQUENCE CHACTERISTICS:
(A) LENGTH: 363 base pairs
(B) TYPE: nucleic acid
(C) STRADEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: eDNA
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:

GAGGTGCAGC TGGTGGAGTC TGGGGGAGGC TTGGTACAGC CCGGAGGTC CCTGAGACTC 60

TCCTGTGCGG CCTCTGGATT CACCTTTGAT GATTATGCCA TGCACTGGGT CCGGCAAGCT 120

CCAGGGAAGG GCCTGGAATG GGTC'lCAGCT ATCACTlGGA ATAGTGG~'CA CATAGACTAT 180

GCGGACTCTG TGGAGGGCCG ATTCACCATC TCCAGAGACA ACGCCAAGAA CTCCCTGTAT 240

CTGAATGA ACAGTCTGAG AGCTGAGGAT ACGGCCGTAT ATTACTGTGC GAAGTCTCG 300

TACCTTAGCA CCGCGTCCTC CCTTGACTAT TGGGGCCAAG GTACCCTGGT CACCGTCTCG 360AGT 363
The invention claimed is:
1. A method for treating a subject suffering from rheu- 20

matoid artitis, comprising administering to the subject

both an antibody and methotrexate, such that the rheumatoid
arthrtis i~ treated, wherein the.antibody is an i~olated human
antibody, or an antigen-binding portiun thereof, tat di~~uci-
ates from human TNFa with a Kd of lxlO-8 M or less and 25
a Koffrate constant of I x i 0-3 ç L or less, both determined by
surface plasmon resonance, and neutralizes human TNFa
cytotoxicity in a standard in vitro L929 assay with an IC,o
of lx10-7 M or less.

2. Thc method of claim 1, wherein thc isolated human 30
antibody, or antigen-binding portion thereof, dissociates
from human TNFu with a Koffrate constant of5xlO-4 çl or
less.

3. The method of claim 1, wherein the isolated h\unan
antibody, or antigen-binding portion thereof, dissociates .15
from human TNFa with a Koffrate constant ofl X 10-4 sol or

less.
4. The method of claim 1, whcrein the isolated human

antibody, or antigen-binding portion thereof, neutralizes
human TNa cytotoxicity in a standard in vitro 1,929 assay 40
with an IC,o of IxIO-8 M or less.

5. The method of claim i, wherein the isolated human
antibody, or antigen-binding portion thereof, neutralizes
human TNFa cytotaxicity in a standard in vitro L929 assay
wit an IC,o of lxlO-9 M or less.

6. The method of claim i, wherein the isolated human
antibody, or antigen-binding portion thereof, neutralizes
human TNa cytotoxicity in a standard in vitro L929 assay
with an lC,n of J xio-iO M or less.

7. The method of claim i, wherein the i~olaled human 50
antibody, or antigen-binding portion tbereof, is a recombi-
nant antibody, or antigen-binding portion thereof.

8. A method for treating a subject suffering from rheu-
matoid arthntis, compri~ing administering to the subject

both an antibody and methotrexate such that the rheumatoid
artti~ is treated, wherein the antibody is D2E7.

9. A method for treating a subjcct suffcring from rheu-
matoid arthrtis, comprising administering to the subject
buth an antibody and methotrexate, ~ucb that tbe rheumatuid
artitis is treated, wherein the antibody is an isolated human

antibody, or antigen-binding portion thereof, with the fol-
lowing characteristics:

a) dissociates from human INFa with a Koffrate constant
IxlO-J s.1 or less, as determined by surface plasmon
resonance;

b) has a light chain CDR3 domain comprising the amino
acid sequence of SEQ ID NO: 3, or modified from SEQ
ID NO: 3 by a single alanine substitution at position
1,4,5,7 or 8 or by one to five conservative amino avid
substitutions at positions 1,3,4, 6, 7, 8 and/or 9;

c) has a heavy chain CDR3 domain comprising the amino
acid sequence of SEQ ID NO: 4, or modified from SEQ
ID NO: 4 by a single alanine substitution at position 2,
3, 4, 5, 6, ß, 9, 10 or 11 or by one to five conservative
amino acid substitutions at positions 2, 3, 4, 5, 6,8, 9,
10, II and/or 12.

10. A method for treating a subject suffering from rheu-
matoid artis, comprising administering to the subject

45 both an antibody and methotrexate, such that the rheumatoid

arttis is treated, wherein the antibody is an isolated human

antibody, or an antigen binding portion thereof, with a light
chain variable region (LCVR) comprising the amino acid
scqucncc of SEQ ID NO: I and a hcavy chain variablc
region (HCVR) comprising the amino acid sequence of SEQ

ID NO; 2.
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:

D2E7 VL

GAC ATC CAG ATG ACC CAG TCT eCA TCC Tee eTG TCT GCA TCT GTA
D I Q M T Q s p s S L S A S V

CDR Ll
GGG GAC AGA GTC ACC ATC ACT TGT eGG GCA AGT CAG GGC ATC AGA

G D R V T I T e R A S Q G I R

!\T Tl\C TTA Gee TGG TAT CAG CM AA eCA GGG AA Gee ceT MG
N Y L A W Y Q Q K P G K A P K

CDR L2
CTC CTC ATe TAT GCT GCA TeC ACT TTG eM TeA GGG GTC eCA TCT

L L I y A A S T L Q s G V P s

CGG TTC AGT GGe AGT GGA TCT GG ACA GAT TT AeT eTC Ace ATe
R F S G S G S G T D F T L T I

AGC AGe eTA CAG CCT GM GAT GTl GCA AcT TAT TAe TGT CM AGG
S S L Q p E D V A T Y Y e Q R

CDR L3
TAT AAC CGT Gel\ CCG TAT' ACT TT GGC CAG GGG ACC MG GTG GM

y N R A P Y T F G Q G T K V E

ATe AA
I K

FIGUR 7
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D2E7 VB

GAG GTG CAG CTG GTG GAG TCT GGG GGA GGC TTG GTA CAG CCC GGC
E V Q L V E S G G G L V Q p G

AGG TCC CTG AGA CTC TCC TGT GCG GCC TCT GGA TTC ACC TTT GAT
R S L R L S C A A S G F T F 0

CDR Hl
GAT TAT GCC ATG CAC TGG GTC CGG CM GCT eCA GGG MG GGe eTG

D y A M H W V R Q A P G K G L

CDR H2
GM TGG GTC TCA GCT ATC ACT TGG AAT AGT GGT CAC ATA GAe TAT

E W V S A I T W N S G H I D y

GeG GAC TCT GTG GAG GGC CGA TTe ACe ATC TeC AGA GAC AAC GCC
A D S V E G R F T I S R D N A

MG MC Tce CTG TAT CTG CM ATG MC AGT CTG AGA GeT GAG GAT

K N S L y L Q M N S L R A E D

CDR H3
ACG Gce GTA TAT TAC TGT GCG AM GTC TeG TAC CTT AGC ACC GCG

T A V Y y C A K V S Y L S T A

TCC TCC CTT GAC TAT TGG GGC CM GGT ACC CTG GTe ACC GTC TCG
S S L D Y W G Q G T L V T V S

AGT
S

FIGURE 8



u.s. Patent Jun. 2, 2009 Sheet 11 of 11 US 7,541,031 B2

FIG. 9

5

-
E 4
E-
Q)
N.-(I-
i:.-0..
c:0
Q) 3:E

2
2 4 10 126 8

Age of mice (wks)

-0 group 7: non transgenic
. group 1 : no treatment

-- group 2: saline

-0 group 6: Ab isotype control 301g/g
-f group :3: Ab 1.5 Ig/g

-- group 4: Ab 15 Ig/g

-+ group 5: Ab 30 Iglg



.

US 7,541,031 B2
1

METHODS FOR TREATING RHEUMATOID
ARTHRITIS USING HUMAN ANTIBODIES

THAT BIND HUMA TNFa

RELATED APPLICATIONS

This application is a continuation application of Ser. No.

09/801 ,J 85, filed on Mar. 7, 2001, which is a continuation of
Ser. No. 09!125,09ß filed on Mar. 16, 1999, now issued as
U.S. Pat. No. 6,258,562, which claims prioriiy 10 Intema-
lionalApplicalion Serial No. PCT/US97/02219 fied Feb. 10,
1997, which claims priority to U.s. provisional Application
Ser. No. 60/03 i ,476 filed Nov. 25, 1996. International Appli-
cation Serial No. PCTIUS97/02219 is also a continuation.in-
par of U.S. application Ser. No. 08/599,226 filed Feb. 9,
1996. The contents of each of the above applications and

patents are expressly incorporated by reference herein.

BACKGROUND or TIlE INVENTION

Tumor nccrosis factor Cl (TNFa) is a cyiokinc produced by
numerous cell types, including monocytes Ðnd mncropruges,
Ùlal was originally identified based on ils capacity 10 induce

ùie necrosis of certain mouse tumors (see e.g., Old, L. (1985)
Science 230:630-632). Subsequently, a factor termed cachec-
tin, associated wiÙl cachexia, was shown to be the same
molecule as TNa. TNFa has been implicated in mediating
shock (see e.g., Beutler, B. and Cerami, A. (1988) Annu. Rev
Biochem. 57:505-518; Beutler, B. and Ceram, A. (1989)
Annu. Rev. Immunol. 7:625-655). Furthermore, TNa has
been implicnted in the pathophysiology of a varety of other
human diseases and disorders, including sepsis, infeclions,
autoimune diseases, trnsplant rejection and graft-versus-
host disease (see e.g., Moeller, A., et a!. (1990) Cy/okine
2: 162- i 69; U.S. Pat. No. 5,231,024 to Moeller et a1.; Euro-
pean Patent Publication No. 260610 BI by Moeller, A., et a!.
Vasilli, P. (1992)Annu. Rev. Immunol. 10:411-452; Tracey, K.
J. and Cerami, A. (1994)Annl/. Rev Med 45:491-503).

Because of the harmful role of hum aii TNFa (hTNFa) in a
varety of human disorders, therapeutic strategies have been
designed to inhibit or countcract hTNFa activity. In paricu-
lar, antibodies that bind to, and neutralize, hTNFa have been
sought as a means to inibit hTNFaactivity. Some of the
earliest of such antibodies were mouse monoclonal antibod-
ics (mAbs), secreted by hybridomas prepared from lympho-
cytes of mice imrunizedwith hTNa (see e.g., Hahn T; eta!.,

(1985)ProcNatIAcad Sci USA 82: 3814-3818; Liang, C .M.,
et a1. (1986) Biochem. Biophys. Res. Comml/n. 137:847-854;
Hirai, M., cl a1. (1987) 1. Imml/nol. Me/hods 96:57-62;

Fendly, ß. M., et al (1987) Hybridoma 6:359-370; Mocllcr,
A., et a1. (1990) Cytokine2: 162- 169; U.S. Pat. No. 5,231,024
to Moelleret a!.; European Patent Publication No. 186833 B 1
by Wallach, J).; European PalentApplication Publication No.
218868 Al by Old et a1.; European Patent Publication No.
260610 BI by Moeller, A., et a1.). While these mouse anti-
hTNa antibodies often displayed high affity for hTNFa
(e.g., Kd§10-9M) and were able to neutralize hTNa activ-
ity, their use in vivo may be limited by problems associatcd
with adristration of mouse antibodies to humans, such as
short serum half life, nn inability to trigger certain human 60
effector functions and elicitation of an unwanted immune
response against the mouse antibody in a human (the "human
anti-mouse antibody" (HAM."..) reaction).

In an attempt to overcome the problems associated with use
of fully-murne antibodies in humans, murine anti-hTNFa 65
antibodies have been genetically engineered to be more
"human-like." ror example, chimeric antibodies, in which ùie

2
varable regions of the antibody chains are murine-derived

and the constant regions of the antibody chains are human-
derived, have been prepared (Knght, D. M, et a1. (1993) Mol.
Immunol. 30: 1443-1453; PeT Publication No. WO 92/ i 6553
by Daddona, P. E., et a1.). Additionally, humanized antibod-
ies, in which the hypervariable domains ofÙle antibody vari-
able regions are murine-derived but the remainder of the
varable regons and the aniibody constant regions arc
human-derived, hnve also been prepnred (PCT Publication

10 No. WO 92/11383 by Adair, J. R., et a1.). However, becau~e
ùiese chimeric and humanized antibodies siill retain some
murine sequences, they still may elicit aD unwanted immune
reaction, the human anti-chimeric .antibody (HACA) reac-
tion, especially when administered for prolonged periods,

t5 e.g., for chronic indications, such as rheumatoid arthrtis (see
e.g., Elliott, M. 1., et a1. (1994) Lancet 344: J 125-1 127; Elliot,
M. J., et a1. (1994) Lancet 344:1105- J i 10).

A preferred hTNFa inhbitory ngent to murine mAbs or
derivative~ thereof (e.g., chimeric or humanized aniibodies)

20 would be an entirely human anii-hTNFu antibody. since such
an agent should not e1icilthe HAMA reaction. even ifused for
prolonged periods. Human monoclonal autoantibodies
against hTNI'a have been prepared using human hybridoma
techniques (Boyle. P., et a1. (1993) Cell. Immunol. 152:556.

25 568; Boyle. P., et a1. (i 993) CeIl Immunol. J 52:569-581;
Europenn Pntent Applicmion Publication No. 614 984 A2 by
Boyle, et a1.). However, these hybridomn-derived mono-
clonal autoantibodies were reported to have an affnity for

hTNFa that was too low to calculate by conventional meth-
30 ods, were unable to bind soluble hTNFa and were unable to

neutralize hTNa-induced cytotoxicity (see Boyle, et a1.;
supra). Moreover, the success ofthe human hybridoma tech-
nique depends upon the natural presence in human peripheral
blood of lymphocytes producing autoantibodies specific for

.1' hTNc:. Certin studies have detected serum autoantibodies

against hTNFc: in human subjects (Fonisgaard. A., et al.
(1989) Scand. J Immunol. 30:219-223; Bcndtzen, K., el al.
(1990) Prog. Leu/wGyte Biul. IOB:447-452). whereas others

have not (Leusch, H .G., et a1. (1991) 1. Imml/nol. Methods
40 139:145-147).

Alternative to naturally-occurring human anti-hTNI'a
antibodies would be a recombinant hTNa antibody. Recom-
binant human antibodies that bind hTNFa with relatively low
affnity (i.e., K,rIO-7M) and a fast off rate (i.e., K,rI0-2

45 sec-i) have been described (GriffÙls, A. D., et a1. (1993)
EMBO J 12:725-734). However, because of iheir relalively
fast dissociation kinetics, these antibodies may not be suitable
for therapeutic use. Additionally, a recombinant human anti.
hTNu has been described that does not neutralizc hTNra

50 activity, but rather enhances binding ofhTNfa to the surface
of cells and enhances internalization ofhTNFa (Lidbur. A..
ct a1. (1994) Biotechnol. Ther. 5:27-45: peT Publication No.
WO 92/03145 by Aston, R. et n1.)

Accordingly, human aniibodies, such as recombinani

55 human antibodies, that bind soluble hTNFa with high affnity
and slow dissociation kinetics and that have the capacity to
neutralize hTNa activity, including hTNa-induced cyto.
toxicity (in vitro and in vivo) and hTNa-induced cell aèti-
vation, are still needed.

SUMMY OF THE INVENTION

This invention provides human antibodies, preferably
recombinant human antibodies, that specifically bind to
human TNa. The antibodies of ùie invention are character-
ized by binding to hTNFa with high affnity and slow disso-
ciation kinetics and by neutralizing hTNa activity, includ-

I.
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ing hTNFa-induced cytotoxicity (in vitro and in vivo) and
hTNa-induced cellular activation. Antibodies of the inven-

tion are furer characterized by binding to hTNa but not
hTNß (lyinphotoxin) and by having the ability to bind to
other primate TNFas and non-prim"te TNFas in addition to
human TNFa.

The antibodies of the invention can be full-length (e.g., an
IgGl or IgG4 antibody) or can comprise only an antigen-
binding portion (e.g., a Fab, F(ab')2 or scFv fragment). The
most preferred recombinant antibody ofthe invention, termed
D2E7, has a light chain CDR3 domain comprising the amino
acid sequence of SEQ lO NO: 3 and a heavy chain CDRJ
domain comprising the amino acid sequence of SEQ ID NO:
4. Preferably, the D2E7 antibody has a light chain variable
region (LCVR) comprising the amino acid sequence of SEQ
ID NO: I and a hcavy chain variablc rcgion (HCVR) com-
prising the amino acid sequencé of SEQ ID NO: 2.

In one emhodiment, the invention provides an isolated
human antibody, or an antigen-binding portion thereof, that
dissociates from human TNa with a Kd of I x 10-8 M or less
and a Koffrate constant of IxIO-3 ç' orless, both determined
by sUDace plasmon resonance, and neutrlizes human TNFa
cytotoxicity in a standard in vitro L929 assay with an ICso of
Ix10-7 M or less. Morc preferably, the isolated human anti-
body, or antigen-binding porton thereof, dissociates from
human TNa with a Koffof5xlO-4 S-i or less, or even more
preferably, with a Koffof lxl 0-4 s-I or less. More preferably,
the isolated human antibody, or antigen-binding portion
thereof, neutralizes human TNFa cytotoxicity in a standard in
vitro L929 assay with an IC,o of I x i 0-8 M or less, even more
preferably with an IC,o of i x10-" M or less and still more
preferably with an IC50 of 5xI0-'O M or less.

In anothcr embodiment, the invention provides a human
antibody, or antigen-hinding portion thereof, with the follow-
ing characteristics:

a) dissociates from human TNFa with a Koffof I xl 0-3 ç I
or less, as deterTned by surface plasmon resonance;

b) has a light chain CDR3 domain comprising the amino
acid sequence of SEQ ID NO: 3, or modified from SEQ ID
NO: 3 by a single alaiune substitution at position 1,4, 5, 7 or
8 or by one to five conservative amino acid substitutions at
positions I, 3, 4, 6, 7, 8 and/or 9;

c) has a heavy chain CDR3 dom"in comprising the amino
acid sequence ufSEQ ID NO: 4, or modifieù from SEQ II
NO: 4 by a single alaiune substituion at position 2,3,4,5,6,

8, 9, 10 or 1 l or by one tò five conservative amino acid

substitutions at positions 2, 3,4, 5, 6, 8, 9,10. IJ and/or J2.

More preferably, the antibody, or antigen-binding portion
thereof, dissociates from human TNFa with a Koffof 5xl 0-4
ç' or less. Still more preferably, the antibody, or antigcn-

binding portion thereof, dissociates from human TNFa with
a Koj"ofl x i 0-4 s- ¡ or less.

In yet another embodiment, the invention provides a
human antibody, or an antigen-binding portion thereof, with
an LCVR having CDRJ domain comprising the amino acid
sequence of SEQ ID NO: 3, or modified from SEQ ID NO: 3
by a single alanine substitution at position 1,4, 5, 7 or 8, and
with an HCVR having a CDR3 domain comprising the amino
acid sequence of SEQ lO NO: 4, or modified from SEQ ID
NO: 4 by a single alanine substitution at position 2, 3, 4, 5, 6,
8,9, lOor II. More preferably, the LCYR further has a CDR2
domain comprising the amino acid sequence of SEQ ID NO:
5 and the HCVR further has a CDR2 domain comprising the
amino acid sequence of SEQ lO NO: 6. Stil more preferably,
the LCVR furter has CDR I domain comprising the amino

4
acid sequence of SEQ If NO: 7 and the HCYR has a CDR i
domain comprising the amino acid sequence of SEQ JI) NO:
8.

In still another embodiment, the invention provides an
isolated human antibody, or an antigen binding portion
thereof, with an LCVR comprising the amino acid sequence
of SEQ lO NO: 1 and an HCV comprising the amino acid
sequence of SEQ ID NO: 2. In ccrtain cmbodiments, the
antibody has an IgG I heavy chain constant region or an IgG4

10 heavy chain constant region. In yet other embodiments, the
antibody is a Fab fragment, an F(ab')2 fragment or a single
chain Fv fragment.

In still other embodiments, the invention provides antibod-
ies, or antigen-binding portions thereof, with an LCVR hav-

15 ing CDR3 domain comprising an amino acid sequence
sclcctcd from thc group consisting of SEQ i D NO: 3, SEQ ID
NO: II,SEQIDNO: 12,SEQIDNO: 13, SEQ 10 NO: 14,
SEQIDNO: 15,SEQ 10 NO: 16, SEQ lO NO: 17,SEQID
NO: 18, SEQ ID NO: 19, SEQ IDNO: 20, SEQ 10 NO: 21,

20 SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26 or with an HCVR having a CDR3
domain comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 4, SEQ lD NO: 27, SEQ lO
NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,

25 SEQ ID NO: 32, SEQ lO NO: 33, SEQ ID NO: 34 and SEQ
lONO: 35.

In yet another embodiment, the invention provides an iso-
lated human antibody, or antigen-binding portion thereof,
that neutralizes the activity of human TNFa but not human

30 TNß (Iymphotoxin). 1n a preferred embodiment, the human
antibody, or antigen-binding portion thereof, neutralizes the
activity of human TNl'a, chimpanzee TNl'a and at least one
additional primate TNFa selected from the grup consisting
of baboon TNFa, marmoset TNFa, cynomolgus TNFa and

35 rhesus TNFa. Preferably, the antibody also neutrali7es the
activity of at least one non-primate TNa.. For example, in
one subembodiment, the isolated human antibody, or antigen-
binding portion thereof, also neutralizes the activity of canine
TNa. In another subembodiinent, the isolated human anti-

40 body, or antigen-binding portion thereof, also neutralizes the
activity of pig TNFa. In yet another subembodiment, the
isolated human antibody, or antigen-binding portion thereof,
also ncutrlizes thc activity of mouse TNFa.

Another aspect of the invention pertains to nucleic acid
45 molecules encoding the antibodies, or aniigen-binding por-

iions, of the invention. A preferred nucleic aciù ufthe inven-
tion, encoding a D2E7 LCVR, has the nucleotide sequence
shown in FIG. 7 and SEQ ID NO 36. Another preferred
nucleic acid ùf the invention, encoding a D2E7 i ICVR, has

50 the nucleotide sequence shown in FIG. 8 and SEQ ID NO 37.
Recombinant expression vectors carring the antibody-en-
coding nucleic acids of the invention, and host cells into
which such vectors have been introduced, are also encom-
passed by the invention, as are methods of makng the anti-

55 bodies of the invention by culturing the host cells of the
invention.

Yet another aspect of the invention pertains to methods for
inibiting human TNa activity using an antibody, or anti-
gen-binding portion thereof, of the invention. In one embodi-

60 rnent, the method comprises contacting human TNFa with
the antibody of the invention, or antigen-binding portion

thereof, such that human TNa activity is inhibited. In
another embodiment, the method comprises aùiiusierig an

antibody of the invention, or antigen-binding portion thereof,
65 to a human subject sufferig from a disorder in which TNFa

activity is detrimental such that human TNF a activity in the
human subject is inhbited. The disorder can be, for example,
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sepsis, an autoimmune disease (e.g., rheumatoid arthritis,
allergy, multiple sclerosis, autoimmune diabetes, autoim-
muneuveitis and nephrtic syndrome), an inectious disease,
a malignncy, transplant rejection or graft-versus-host dis-
ease, a pulmonar disorder, a bone disorder, an intestinal
disorder or a cardiac disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. IA and 18 show the amino acid scqucnces of the
light chain variablc rcgiLln Llrf)2E7 (D2E7 VL; also shown in
SEQ ID NO: I), nlanine-scan mutants or D2E7 VL
(LD2E7".AI, LD2E7".A3, LD2E7'.A4. LD2E7*'A5,
LD2E7'.A 7 and LD2E7* .A8), the light chain variable region
of the D2E7 -related antibody 2SD4 (2SD4 VL; also shown in
SEQ ID NO: 9) and other D2E7-rclated light chain variable
regons (EP 812, VLIOE4, VLI00A9, VLI00D2, VLlOF4,
LOE5, VLLOF9, VLLOFIO, VLLOG7, VLLOG9,VLLOHI,
VLLOHI0, VLIB7, VLICl, VLIC7, VLO.lF4, VLO.lH8,
LOE7, LOE7.A and LOE7.T). FIG. IA shows the FRl,
CDRl, FR2 and CDR2 domains. FIG. 18 shows the FR3,
CDR3 and FR4 domains. The light chain CDR i ("CDR LI "),
CDR2 ("CDR L2") and CDR3 ("CDR U") domains are
boxed.

FIGS. 2A and 2B show the amino acid sequences of the
heavy chain variable region of D2E7 (D2E7 VH; also shown
in SEQ ID NO: 2), alanine-scan mutants of f)2E7 VH
(HD2E7*'AI, HD2E7*.A2, HD2E7*A3, HD2E7*.A4,
HD2E7*.A5, HD2E7*'A6, HD2E7*A7, HD2E7'.A8 and
HD2E7* .A9), the heavy chain variable region of the D2E7-
related antibody 2SD4 (2SD4 VH; also shown in SEQ ID NO:
10) and other D2E7-related heavy chain variable regions
(VHIBII, VHID8, VHIAII, VHIBI2, VHI-D2, VHIE4,
VHl F6, VHIG!, 3C-H2, VH!-D2.N andVH1-02.Y). FIG.
2A shows the FR 1, CDR 1, FR2 and COR2 domains. F1G.28
shows thc FR3, CDR3 and FR4 domains. The hcavy chain
CDRI ("CDR ill"), CDR2 ("CDR 112") and CDRJ ("CDR
I 13") domains are boxed.

FIG.3 is a grph depicting the inhibition ofTNFa-induced
L929 cytotoxicity by the hunian antÍ-hTNFa antibody D2E7,
as compared to the murine anti-lllNFa antibody MAK 195.

FIG. 4 is a grph depicting the inhibition of rhTNFu bind-
ing to hTNa receptors on U-937 cells by the human anti-
hTNFa antibody D2E7, as compared to thc murine anti-
hTNa antibody MAK 195.

FIG. 5 is a grph depicting the inhbition ofTNFa-induced 50
ELAM-l expression on HVEC by the human anti-hTNFa
antibody D2E7, as compared to the murine anti-hTNa anti-

body MAK 195.
FIG. 6 is a bar graph depicting protection from TNFu-

induced lethality in f)-galactosamine-sensitized mice by
administration of thc human anti-hTNFa antibody D2E7
(black bars), as compared to the murne anti-h TNFa antibody
MAK 195 (hatched bars).

FIG. 7 shows the nucleotide sequence of the light chain
varable region of D2E7, with the predicted amino acid

sequence below the nucleotide sequence. The CDR L1, CDR
L2 and CDR L3 regions are underlined.

FIG. 8 shows the nucleotide sequence of the heavy chain
varable region of D2E7, with the predicted amino acid

sequence below the nucleotide sequence. The CDR HI, CDR
H2 and CDR H3 regions are underlined.

6
FIG. 9 is a graph depicting the effèct of D2E7 antibody

treatment on the mean joint size ofTg!97 trnsgenic mice as
a polyarttis modeL.

DETAILED DESCRIPTION OF THE INVENTON

This invention pertains to isolated human antibodies, or
antigen-binding portions thereof, that bind to human TNFa
with high affity, a low off rate and high neutralizing capac-

10 ity. Various aspects of the invention relate 10 antibodies and
aniibody fragments, and pharmnccutical compositions

thcreof. as wcll as nuclcic acids, recombinant cxprcssion

vcctors and host cclls for making such antibodies and frag-
ments. Method., of using thc antibodies of the invention to

i 5 delect human TNFu or to inhbit human TNa activity, either
in vitro or in vivo, are also encompassed by the invention.

In order that the present invention may be more readily
understood, certain terms are fist defied.

The term "human TNa" (abbreviated herein as hTNa,
20 or simply hTN), as used herein, is intended to refer to a

human cytokine that exists as a i 7 kD sccrctcd form and a 26
kD membrane associated form, the biologically active form
Qfwhich is composed ofa irimerofnoncovalently bound 17
kD molecules. 1be structure of hTNFa is described further

25 in, for example, Pennica, D., et al. (1984) Nature 312:724-
729; Davis, J. M., et al. (1987) Biochemistry 26: 1322- I 326;

and Jones, E. Y, et al. (1989) Nature 338:225-228. The term
human TNFa is intended to include recombinant human
TNFa (rhTNa), which can be prepared by standard recom-

30 binant expression methods or purchased commercially (R &
o Systems, Catalog No. 210- TA, Minneapolis, Minn.).

The term "antibody", as used hercin, is intended to rcfcr to
immunoglobulin molecules comprised of four polypeptide
chains, two heavy (1) chains and two light (I,) chains inter-

35 connected by disulfide bonds. Each heavy chain is comprised
of a heavy chain variable region (abbrcviated herein as HCVR
or VH) and a heavy chain constant region. The heavy chain
constant region is comprised oftluec domains, CH I, CH2 and
CB3. Each light chain is comprised of a light chain variable

40 region (abbreviated herein as LCVR orVL) and a light chain
constant rcgion. Thc light chain constant rcgion is comprised
of one domain, c:.. The VH and VI. regions can be further
subdivided into regions of hypervariability, termed comple-
mentarity determinig regions (CDR), intcrspersed with

45 regions that are more conserved, termed framework regions
(FR). Each VH and VL is composed of three CDRs and four
FRs, arnged from amino-terminus to carboxy-terminus in
the following order: FRI, CDR1, FR2, CDR2, FR3, CDR3,
FR4.

The term "antigcn-binding portion" of an antibody (or
simply "antibody portion"), as used herein, refers to one or
more fragments of an antibody that retain thc ability to spe-
cifical1y bind to an antigen (e.g., hTNFa).lt has been shown
thaI the antigen-binding Ji.nclion of an antibody can be per-

55 formed by fragments of a full-length antibody. Examples of
binding fragments encompassed within the term "antigen-
binding portion" of an antibody include (i) a Fab frgment, a
monovalent fragment consisting of the VL, VH, CL and CHI
domains; (ii) a F(ab'), fragment, a bivalent fragmentcompris-

60 ing two Fab fragments linked by a disulfide bridge at the hinge
region; (iii) a Fd fragment consisting of the VH and CHI
domains; (iv) a Fv fragment consisting of the VI, and VH
domains of a single ar of an antibody, (v) a dAb fragment
(Ward et aI., (1989) Nature 341 :544-546 ), which consists of

65 a VB domain; and (vi) an isolated complementarity determin-
ing region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VB, are coded for by separate genes,
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they can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein chain
in which the VL and VH regions pair to form monovalent
molecules (kown as single chain Fv (scFv); see e.g., Bird et
a1. (1988) Science 242:423-426; and Huston et al (1988) 5

Proc. NaIl. Acad. Sci. USA 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within the
term "antigen-binding portion" of an antibody. Other fonns
of single chain antibodies, such as diabodies are also encom-
passed. Diabodies are bivalent, bispecific antibodies in which 10
VH and VL domains are expressed on a single polypeptide
chain, but using a linker that is too short to allow for pairing
between the two domains on the same chain, thereby forcing
the domains to pair with complementary domains of another
chain and creating two antigen binding sites (see e.g., Bol- 15
liger, P., et aL. (1993) Proc. NaIL. Acad. Sci. USA 90:6444-
6448; Poljak, R. J., et aI. (1994) Slniclure 2: 1 121 -1123).

Stil further, an antibody or antigen -bindig portion thereof
may be part of a larger immunoadhesion molecules, formed
by covalent or noncovalent association of Ihe antibody or 20

antibody portion with one or more other proteins or peptides.
Examples of such immunoadhesion molecules include use of
the streptavidin core region to make a tetrameric scl'v mol-
ecule (Kipriyanov, S. M., el a1. (1995) Human Aniibodies and
Hybridomas 6:93-1 01) and use ofa cysteine residue, a marker 25
peptide and a C-terrnal polyhistidine tag 10 make bivalent

and biotinylated scFv molecules (Kipriyanov, S. M., et a1.
(1994) MoL. lmmunol. 31:047-105 8). Antibody portions,
such as Fab and F(ab')2 fragments, can be prepared from
whole antibodies using conventional technques, such as 30

papain or pepsin digestion, respectively, of whole antibodies.
Moreover, antibodies, antibody portions and inuunoadhe-
sion molecules can be obtained using standard recombinant
DNA technques, as described herein.

11ie term "human antibody", as used herein, is intended to .15
include antibodies having variable and constant regions

derived Irom human gennline immunoglobulin sequences.
The human antibodies of the invention may include aniino
acid residues not encoded by human germline immunoglo.
bulin sequences (e.g., mutations introduced by random or 40
site-specific mutagenesis in vitro or by somatic mutation in
vivo), for example in the CDRs and in paricular CDR3.
However, the term "human antibody", as used herein, is not
intended to include antibodies in which CDR sequences
derived from the germline of another manualian species, 45
such as a mouse, have been grafted onto human framework
sequences.

The term "recombinant human antibody", as used herein,
is intended to include all human antibodies that are prepared,
expressed, created or isolated by recombinant means, such as 50
antibodies expressed using a recombinant expression vector
transfected into a host cell (described furter in Section II,
below), antibodies isolated from a recombinant, combinato-
rial human antibody library (described further in Section ll,
below), antibodies isolated from an anial (e.g., a mouse) 55
that is transgenic for human immunoglobulin genes (see e.g.,
Taylor, L. D., et a1. (1992) Nucl Acids Res. 20:6287-6295) or
antibodies prepared, expressed, created or isolated by any
other means that involves splicing of human imunoglobulin

gene sequences to other DNA sequences. Such recombinant 60
human antibodies have variable and constant regions derived
from human gennline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies
are subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic 65
mutagenesis) and thus the amino acid sequences of the VH
and VL regions of the recombinant antibodies are sequences

8
that, while derived trom and related to human gennline VH
and VL sequences, may not naturally exist within the human
antibody germline repertoire in vivo.

An "isolated antibody", as used herein, is intended to refer
to an antibody that is substantially free of other antibodies
having different antigenic specificities (e.g., an isolated anti-
body that specifically binds hTNFa is substantially free of
antibodies that specifically bind antigens other than hTNFa.
An isolated antibody that specifically hinds hTNa may,
however, have cross-reactivity to other antigen~, such as
TNFu molecules from other species (discussed in furter
detail below). Moreover, an isolated antibody may be sub-
stantially free of other cellular material and/or chemicals.

A "neutralizing antibody", as used herein (or an "antibody
that neutralized hTNa activity"), is intended to refer to an
antibody whose binding to hTNa results in inhibition of the
biological activity ofhTNFa. Ths inhibition of the biological
activity ofhTNa can be assessed by measuring one or more

indicators of hTNFa biological activity, such as hTNFa-
induced cytotoxicity (either in vitro or in vivo), hTNFa-
induced cellular activation' and hTNFa binding to hTNFa
receptors. These indicators ofhTNFa biological activity can
be assessed by one or more of several standard in vitro or in
vivo assays known in the art (see Example 4). Preferably, the
ability of an antibody to neutralize hTNa activity is assessed
by inhibition of hTNFa-induced cytotoxicity of L929 cells.
As an additional or alternative parameter ofhTNFa activity,
the ability of an antibody 10 inhibit hTNFa-induced expres-
sion of ELAM-l on HUVEC, as a measure of hTNFa-in-
duced cellular activation, ca be assessed.

The term "surface plasmon resonance", as used herein,
refers to an optical phenomenon that allows for the analysis of
real-time biospecific interactions by detection of alterations
in protein concentrtions within a biosensor matrix, for

example using the RI,Acore system (Pharmacia Riosensor

AR, lJppsala. Sweden and Piscataway. N.J.). For further
descriptions, see Example i lind Jönsson, U., et a1. (1993)
Ann. Bioi. Clin. 5 I: 19-26; Jönsson. U., et al. (i 991) Biotech-
niques 11 :620-627; Johnsson, B., et al. (1995) 1. Mol. Rec-
ognil. 8: 125- 131; and Johnson, B., ei aL. (1991) Anal. Bio-
chem. 198:268-277.

The term "Ko;", as used herein, is intended to refer to the
off rate constant for dissociation of an antibody from the
antibody/antigen complex.

The term "Kd", as used herein, is intended to refer to the
dissociation constant of a particular antibody-antigen inter-
action.

The term "nucleic acid molecule", as used herein, is
intended to include DNA molecules and RNA molecules. A
nucleic acid molecule may be single-stranded or double-
stranded, but preferably is double-stranded DNA.

The term "isolated nucleic acid molcculc", as used herein
in reference to nucleic acids encoding antibodies or antibody
porLÎons (e.g., VH, VL, CDR3) that bind hTNFu, is intended
to refer to a nucleic acid molecule in which the nucleotide
sequences encoding the antibody or antibody portion are free
of other nucleotide sequences encoding antibodies or anti-
body portions that bind antigens other than hTNa, which
other sequences may natually flan the nucleic acid in
human genomic DNA. Thus, for example, an isolated nucleic
acid of the invention encoding a VB region of an anti-TNa
antibody contains no other sequences encoding other VH
regions that bind antigens other than TNFu.

The term "vector", as used herein, is intended to refer to a
nucleic acid molecule capable oftransportinganother nucleic

acid to which it has been linked. One type of vector is a
"plasmid", which refers to a circular double stranded DNA
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loop into which additional DNA segments may he ligated.
Another type of vector is a viral vector, wherein additional
DNA segments may be ligated into the viral genome. Certain
vectors are capable of autonomous replication in a host cell
into which they are introduced (e.g., bactcrial vectors having
a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mamalian vec-
tors) can be integratcd into the genome of a host cell upon
introduction into the host cell, and thereby are replicated

along with the host genome. Moreover, certain vectors are
capable of directing the expression of genes to which they are
operatively linked. Such vectors are referred to herein as
"recombinant expression vectors" (or simply, "expression
vectors"). In general, expression vectors of utility in recom-
binant DNA technques are often in the form of plasm ids. In
the present specification, "plasmid" and "vector" may be used
interchangeably as the plasmid is the most commonly used
form of vector. However, the invention is intended to include
such uther !urms uf expressiun vectors, such as viral vectors
(e.g., replication defective retroviruses, adenoviruses and
adeno-associated viruses), which serve equivalent functions.

The term "recombinant host cell" (or simply "host cell"),
as used herein, is intended to refer to a cell into which a
recombinant expression vector has been introduced. It should
be understood that such terms are intended to refer not only to
the particular subject cell but to the progeny of such a celL.

Because certain modifications may occur in succeeding gen-
erations due to either mutation or environmental infuences,
such progeny may not, in fact, be identical to the parent cell,
but are still included within the scope of the term "host cell"
as used herein.

Various aspects of the invention are described in further
detail in the following subsections.

i. Human Antibodies that Bind Human TNFa
This invention provides isolated human antibodies, or anti-

gen-binding portions thereof, that bind to human TNFa with
high atInity, a low oft. rate and high neutralizing capacity.

Preferably, the human antibodies of the invention are recum-
binant, neutrlizing human anti-hTNFa antibodies. The most
preferred recombinant, neutrlizing antibody of the invention
is referrd to herein as D2E7 and has VL and VB sequences as
shown in PIGS. lA, 1ß and FIG. 2A, 2B, respectively (the
amino acid sequence of the D2E7 VL region is also shown in
SEQ ID NO: i; the amino acid sequence of the D2E7 VH
regon is also shown in SEQ ID NO: 2). The binding proper-
ties o1'D2E7, as compared to the murine anlÎ-hTNFa MAK
195 mAb that exhibits high affnity and slow dissociatiun
kinetics and another human anti-hTNFa antibody related in
sequence to D2E7, 2SD4, are summarized below:

Koi Kon
Antibody sec-I M-1 sec-l KJM Stoichiometr

55

D2E71gGl S.SI.1O-' 1.91 . to' 6.09. 10-10 1.
2SD4 IgG4 SA. 10.3 4.20. to' 2.00. 10.0 O.S
MAK 195 S.70.10" 1.90.10' 4.60 X 10-10 104
F(ob'h

The D2E7 antibody, and related antibodies, also exhibit a
strong capacity to neutralize hTNFa. activity, as assessed by
several in vitro and in vivo assays (see Example 4). For
example, these antibodies neutralize hTNFa-induced cyto-
toxicity ofL929 cells with ICso values in the range of about
10.7 M to about 10-10 M. D2E7, when expressed as a full-
lengt IgGI antibody, neutralizes h TNa-induced cytotoxic-

10
ity ofl.929 cells with ICso of about 1 .25x I 0.10 M. Moreover.
the neutralizing capacity of D21:7 is maintained when the
antibody is expressed as a Fab, F(ab')2 or scFv frag.ment.

D2E7 also inhibits TNFa-induced cellular activation. as mea-
sured by hTNFa-induced ELAM-I expression on HUVEC
(ICso=about I.S5xlO"O M), and binding of hTNfa to
hTNa receptors on U-937 cells (lCso=about 1.56xlO"O M).
Regarding the laner, D2E7 inhibits the binding ofhTNFa to
both the p55 and p75 hTNFa receptors. Funherrore, the

10 antibody inhibits hTNFu-induced lethality in vivo in mice
(EDso=1-2.5 ¡.glmouse).

Regarding the binding specificity of D2E7, this antibody
binds to human TNa in various form, including soluble
hTNa, transmembrane hTNa and hTNa bound to cellu-

15 lar receptors. D2E7 does not specifically bind to other cytok.
ines, such as Iymphotoxin (TNß), IL.laa:, IL-1ß, IL-2,
IL-4, IL-6, IL-S, IFNy and TGFß. However, D2E7 does
exhibit crossreactivity to tumor necrosis factors from other
species. For example, the antibody neutralizes the activity of

20 at least five primate TNFas (chimpanzee, baboon, marmuset,
cynomolgus and rhesus) with approximately equivalent ICso
values as for neutralization ofhTNFa (see Example 4, sub-
section E). D2E7 also neutralizes the activity of mouse
TNa, although approximately lOoo-fold less well than

25 human TNa (see Example 4, subsection E). D2E7 also
binds to canine and porcine TNa.

In one aspect, the invention permins to D2E7 antibodies
and antibody portions, p2E7-related antibodies and antibody
portons, and other human antibodies and antibody portions

30 with equivalent properties to D2E7, such as high affnity
binding to hTNFa with low dissociation kinetics and high
neutralizing capacity. In one embodiment. the invemioo pro-
vides an isolated human antibody. or an antigen-binding por-
tion thereof, that dissociates from human TNFa with a Kd of

.1\ 1 x i 0-8 M or less and a Kufrate constant n r i x 10-3 s'l or less,
both determined by surlàce plasmon resonance, and neutral-
izes hinan TNFu t."ytotoxicity in a standard in vitro L929
assay with an ICso of I xl 0-7 M Or less. More preferably, the
isolated human antibody, or antigen-binding portion thereof,

40 dissociates from human TNFa with a Ko of 5xl 0-4 ç' or
less, or even more preferably, with a Koffo1i X 10-4 S-I or less.
More preferably, the isolated human antibody, or antigen-
binding portion thereof, neutrlizes human TNFa cytotoxic-
ity in a standmd in vitro L929 assay with anlCso of I x i 0-8 M

45 or less, even more preferably with an ICso of IxlO-9 M or
less and still more preferably with an ICso 01' 5x10-IO M or
Jess. In a preferred embodiment, the antibody is an isolated
human recombinant antibody, or an antigen-binding portion
thereof. In another preferred embodiment, the antibody also

50 neutralizes TNPa-induced cellular activation, as assessed
using a standard in vitro assay for TNFa-induced ELAM-I
expression on human umbilical vein endothelial cells (HU-
VEC).

Surface plasmon resonance analysis for determning Kd
and Koff can be performed as described in Example J. A
standard in vitro L929 assay for determining ICso values is
described in Example 4, subsection A. A standad in vitro
assay for TNFa-induced ELAM-I expression on human
umbilical vein endothelial cells (HUC) is described in

60 Example 4. subsection C. Examples of recombinant human
antibodies thm meet, or are predicted to meet, the aforemen-
tioned kinetic and neutralization criteria include antibodies
having the following IVH/VLJ pairs, the sequences of which
are shown in FlGS. lA, IB, 2A and 2B (see also Examples 2,

65 3 and 4 for kietic and neutralization analyses): (D2E7

VH2E7 VL); (HD2E7*.AI/D2E7 VL), (HD2E7*.A2/
D2E7 VL), (HD2E7*.A31D2E7 VL), (HD2E7*A41D2E7



US 7,541,031 82
11

VLJ, (HmF.7*i\5/mF.7 VI.¡' (HD2F.7* ..'\ó/D2F.7 VLl,
lHD2E7*A7/D2E7 VLj, lHD2Er.A8/D2E7 VLj,
(HD2E7*A91D2E7 VLJ, (D2E7 VHD2Er.AI), (D2E7
VHlLD2E7*.A4J, (D2E7 VRlD2E7¥.A5l, (D2E7
VHLD2E7*.A7), (D2E7 VHILD2E7*.A8), (HD2E7*.A9/
LD2E7*AI),fVH I-D2/LOE7l, fVHI -D2.N/LOE7.n,
(VHI-D2.YILOE7.A), (VI-I-D2.N/LOE7.Al, (VHI-D2/EP
B12) and (3C-H2ILOE7).

It is well known in the art that antibody heavy and light
chain CDR3 domains play an important role in the binding 10
specificity/affnity of an antibody for an antigen. Accord-
ingly, in another aspect, the invention pertains to human anti-
bodies that have slow dissociation kinetics for association
with hTNFa and that have light and heavy chain CDR3
domains that structurally are identical to or related to those of 15
D2E7. As demonstrated in Example 3, position 9 of the D2E7
VL CDR3 can be occupied by Ala or TI without substan-
tially affecting the KoJl Accordingly, a consensus motif for
the D2E7 VL CDR3 comprises the amino acid sequence:
Q-R-Y-N-R-A-P-Y-(T/A) (SEQ 10 NO: 3). Addition- 20
ally, position 12 of the D2E7 VH CDR3 can be occupied by
Tyr or Asn, without substantially affecting the KoJl Accord-
ingly, a consensus motif for the D2E7 VH CDR3 comprises
the amino acid sequence: V-S-Y-L-S-T-A-S-S-L-D-
(YIN (SEQ ID NO: 4). Moreover, as demonstrated in 25
Example 2, the CDR3 domain of the D2E7 heavy and light
chains is amenahle to suhstitutinn with a single alanine resi-
due (at position i, 4, 5. 7 or 8 within the VL CDIO or at
position 2. 3, 4. 5.6,8,9. 10 or II within the VH CDIO)
without substantially affecting the Koff Still further, the 30
skilled arisan will appreciate that, given the amenability of
the D2E7 VL and '\11 CDR3 domains to substitutions by
alanine, substinition of other amino acids within the CDR3
domains may be possible while stil retaining the low off rate
constant of the antibody, in particular substitutions with con- 35
servative amino acidq. A "conservative amino acid substitu-
tion", as used herein, is one in which one amino acid residue
is replaced with another amino acid residue having a similar
side chain. Families of amino acid residues having similar
side chains have been defied in the art, including basic side 40
chains (e.g., lysine, arginine, histidine), acidic side chains
(e.g., aspartic acid, glutamic acid), uncharged polar side
chains (e.g.. glycine, asparagine, glutamie, serine, theo-
nine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methion- 45
ine, tryptophan), bela-branched side chains (e.g., threonine,
valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Preferably, no more
than one to five conservative amino acid substitutions are
made within the D2E7VL and/orVH CDR3 domains. More 50
preferably, no more than one to three conservative amino acid
substitutions are made within the D2E7 VL and/or VH CDR3
domains. Additioru lIy, conservative amino acid substitutions
should not be made at amino acid positions criiicallor bind-
ing to hTNFa. As shown in Example 3, positions 2 and 5 of 55
the D2E7 VL CDR3 and positions i and 7 of the D2E7 VH
CDR3 appear to be critical for interaction with hTNFa and
thus, conservative amino acid substitutions preferably are not
made at these positions (although an alanine substitution at
position 5 of the D2E7 VL CDR3 is acceptable. as described 60
above).

Accordingly, in another embodiment, the invention pro-
vides an isolated human antibody, or antigen-binding portion
thereof, with the following characteristics:

a) dissociates from human TNa with a Koffrate constant 65
of i x i 0-3 s-i or less, as determned by surface plasmon reso-
nance;

12
h) has a light chain CDR1 domain comprising the amino

acid sequence of SEQ ID NO: 3. or modified from SEQ ID
NO: 3 by a single alanine substitution at position I, 4, 5, 7 or
8 or by one to five conservative amino acid substitutions at
positions I, 3, 4, 6, 7, 8 and/or 9;

c) has a heavy chain CDR3 domain comprising the amino
acid sequence of SEQ ID NO: 4, or modified from SEQ ID
NO: 4 by a single alanine substitution at position 2, 3, 4, 5, 6,
8, 9, i 0 or i 1 or hy one to five conservative amino acid
substitutions at positions 2, 3, 4, 5, 6, 8, 9, 10, i i and/or 12.

More preferably, the antibody, or antigen-binding portion
thereof, dissociates from human TNa with a Koffof 5x I 0-'
s-i or less. Even more preferably, the antibody, or antigen-
binding portion thereof, dissociates from human TNFa with
a Koffof Ix i 0-4 ç' or less.

In yet another embodiment, the invention provides an iso-
lated human antibody, or an antigen-binding portion thereof,
with a light chain variable region (LCVR) having a COR3
domain comprising the amino acid sequence olSEQ ID NO:
3, or modified from SEQ ID NO: 3 by a single alanine sub-
stitution at position 1, 4, 5, 7 or 8, and with a heavy chain
varable region (HCYR) having a CDR3 domain comprising
the amino acid sequence of SEQ ID NO: 4, or modified from
SEQ ID NO: 4 by a single alanine substitution at position 2,3,
4, 5, 6, 8, 9, 10 or 11. Preferably, the LCVR furter has a
CDR2 domain comprising the amino acid sequence of SEQ
If NO: 5 (i.e.. the mE7 VL. CDR2) and the HCVR further
has a CDR2 domain comprising the amino acid sequence of
SEQ lD NO; 6 (i.e.. the D2E7 VH CDR2). Even more pref-
erably, the LCVR further has CDR i domain comprising the
amino acid sequence of SEQ ID NO: 7 (i.e., the D2E7 VL
CDRI) and the HCVR has a CDRI domain comprising the
amino acid sequence of SEQ ID NO: 8 (i.e., the D2E7 VH
CDR1). The fraework regions for VL preferably are from
the V KI human germ line family, more prefenibly from the
A20 human germline Vk gene and most preferahly from the
02E7VL framework sequences shown in FIGS. lA and is.
The framework regions for VH preferably are from the V H3
human germline family, more preferably from the DP-31
human germ1ine VH gene and most preferably from the 02E7
VI-I framework sequences shown in FIGS. 2A and 28.

In stil another embodiment. the invention provides an

isolated human antibody, or an antigen binding portion
thereof, with a light chain variable region (LCVR) compris-
ing the amino acid sequence olSEQ ID NO: 1 (i.e.. the D2E7
VL) and a heavy chain varable region (HCVR) comprising
the amino acid sequence of SEQ ID NO: 2 (i.e., the D2E7
VH). In certin embodiments, the antibody comprises a

heavy chain constant region, such as an IgG 1, IgG2, IgG3,
IgG4, 19A, IgE, IgM or IgD constant region. Preferably, the
heavy chain constant region is an IgGI heavy chain constat
region or an IgG4 heavy chain constant region. Furermore,
the antibody can comprise a light chain constant region, either
a kappa light chain constant region or a lambda light chain
constant region. Preferably, the antibody comprises a kappa
light chain constant region. Alternatively, the antibody por-
tion can be, for example, a Fab fragment or a single chain Fv
fragment.

In still other embodiments. the invention provides an iso-
lated human antibody, or an antigen-binding portions thereof,
having D2E7-related VL and VH CDR3 domains, for
example, antihodies, or antigen-hinding portions thereof,
with a light chain varable region (LCVR) having a CDR3

. domain comprising an amino acid sequence selected from the

grup consisting of SEQ ID NO: 3, SEQ ID NO: i i, SEQ ID
NO: 12,SEQIDNO: 13,SEQIDNO: 14,SEQlDNO: 15,
SEQ ID NO: 16, SEQ ID NO: I7, SEQ ID NO: 18, SEQ 10

r.
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NO: 19, SEQ !D NO: 20, SEQ II NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ !D NO: 24, SEQ ID NO: 25 and SEQ
ID NO: 26 or with a heavy chain variablc region (HCVR)
having a CDR3 domain comprising an amino acid sequence
selected from the group consisting of SEQ JD NO: 4, SEQ ID 5
NO: 27, SEQ ID NO: 28, SI2Q lD NO: 29, SEQ ID NO: 30,
SEQ !D NO: 31, SEQ ID NO: 32. SEQ ID NO: 33, SEQ JD
NO: 34 and SEQ JD NO: 35.

In yet another embodiment, the invention provides a
recombinant human antibody, or antigen-binding portion 10
thereof, that neutralizes the activity of human TNFa but not
human TNß. Preferably, antibody, or antigen-binding por-
tion thereof, also neutralizes the activity of chimpanzee
TNa and at least one additional primate TNFa selected
from the group consisting of baboon TNa, marmoset TNFa, 15

cynomolgus TNFa and rhesus TNa. Preferably, the anti-
body, or antigen-binding portion thereof, ncutralizes the
human, chimpanzee and/or additional primate TNFa in a
standard in vitro L929 assay with an ICso ol1 x 10-8 M or less,
more preferably Ix10-9 M or less, and even more preferably 20
5xio-1O M or less. 10 one subembodiment, the antibody also
neutralizes the activity of canine TN Fa, preferably in a stan-
dard in vitro L929 assay with an ICso of IxlO-7 M or less,
more preferably i xl 0-8 M or less and even more preferably
5xio-9 M or less. In another subembodiment, the antibody 25
also neutralizes the activity of pig TNa, preferably with an
ICso of I xl O-s M or less, more preferably I xi 0-6 M or less
and even more preferably 5x10-7 M or less. In yet another
embodiment, the antibody also neutralizes the activity of
mouse TNa, preferably with an ICsu of IxlO-4 M or less, 30
more preferably IxlO-s M or less and even more preferably
5xl 0-6 M or less.

An antibody or antibody portion of the invention can be
derivatizcd or linkcd to another functional molecule (c.g.,
anotber peptide or protein). Accordingly, the antihodies and .15

antihody ponions of the invention are intended to include
derivalized and otherwise modilied lorms orthe human anti-
h TNFa antibodies described herein, including immunoadhe-
sion molecules. For example, an antibody or antibody portion
of the invention can be fuctionally linked (by chemical cou- 40
pling, genetic fusion, noncovalent association or otherwise)
to one or more other molecular entities, such as another
antibody (e.g., a bispecific antibody or a diabody), a dctect-
able agent, a cytotoxic agent, a pharmaceutical agent, and/or
a protein or peptide that can mediate associate of the antibody 45
or antibody portion with another molecule (such as a strepta-
vidin core region or a polyhistidine tag).

One type of derivatized antibody is produced by crosslink-
ing two or more antibodies (of the same type or of different

types, e.g., to create bispecific antibodies). Suitable so
cross linkers include those that are heterobifunctional, having
two distinctly reactive grups separatcd by an appropriate
spacer (e.g., m-maleimidobenzoyl-N-hydrxysuccinimide
ester) or homobifunciional (e.g., disuccinimidyl suberaie).
Such linkers are available from Pierce Chemical Company, 55
Rockford, II

Useful detectable agents with which an antibody or anti-
body portion of the invention may be derivatized include
fluorescent compounds. Exemplary fluorescent detectable
agents include fluorescein, fluorescein isothiocyanate, 60

rhodmine, 5-dimethylamine-I-napthalenesulfonyl chloride,
phycoeryhrin and the like. An antibody may also be deriva-
tized with detectable en0'mes, such as alkaline phosphaiase,
horseradish peroxidase, glucose oxidase and the like. When
an antibody is derivatized with a detectable enzyme, it is 65
detected by adding additional reagents that the enzyme uses
to produce a detectable reaction product. For example, when

14
the detectable agent horseradish peroxidase is present, the
addition of hydrogen pcroxide and diaminobenzidine leads to
a colored reaction product, which is detectable. An antibody
may also be derivatized with biotin, and detected thugh
indirect measurcment of avidin or streptavidin binding.

II. I2xpression of Antibodies
An antibody, or antibody portion, of thc invention can be

prepared by recombinant expression of immunoglobulin light
and heavy chain genes in a host cell. To express an antibody
recombinantly, a host cell is transfected with one or more
recombinant expression vectors carrying DNA frgments
encoding the imunoglobulin light and heavy chains of the
antibody such that the light and heavy chains are expressed in
the host cell and, preferably, secreted into the medium in
which the host cells are cultured, from which medium the
antibodies can be recovered. Standad recombinant DNA
methodologies are used obtain antibody heavy and light chain
genes, incorporate these genes into recombinant expression
vectors and introduce the vectors into host cells, such as those
dcscribcd in Sambrook, Fritsch and Maniatis (cds), Molecu-
lar Cloning: A I,ahoraiory Manual, Second Edi/ion, Cold

Spring Harbor, NY, (1989), Ausubel, F. M. et aJ. (eds.)
Current Protocols in Molecular Biology, Greene Publishing
Associates, (i 989) and in U.S. Pat. No. 4,8 I 6,397 by Boss et
al.

To express D2E7 or a D2E7-re1ated antibody, DNA frag-
ments encoding thc light and heavy chain variable regions are
fit obtained. These DNAs can be obtained by amplification

and modification of germline light and heavy chain variable
sequences using the polymerase chain reaction (PCR). Ger-
mline DNA sequences for human heavy and light chain vari-
able region genes are known in (he ar (see e.g., the "'v'base"
human germline sequence database; see also Kabat. E. A.. et
al. (1991) Sequences of Proieins of Immunological Interest,
Fifh Edition, U.S. Deparment of Health and Human Ser-
vices, NIH Publication No. 91 -3242: Tomlinson, i. M., et al.
(i (92) "The Repertoire of Human Gennline V H Sequences
Reveals about Fifty Groups of V H Segments with Different

Hypervariable Loops" J. Mol. Bioi. 227:776-798; and Cox, J.
P. L. et aJ. (1994) "A Directory of Human Germ-line V K
Segments Reveals a Strong Bias in their Usage" Eur. J. Immu-
nolo 24:827-836; the contents of each of which are expressly
incorporated herein by reference). To obtain a DNA fragment
encoding the heavy chain variable region of D2E7, or a
D2E7-related antibody, a member of the V H3 family of
human gennline VH genes is amplified by standard peR.
Most preferdbly, the DP-31 VH germline sequence is ampli-
fied. To obtain a DNA fragment encoding the light chain
variable region ofD2E7, or a D2E7 -related antibody, a mem-
ber of the VKI family of human gennline VL genes is ampli-
fied by standard PCR. Most preferably, the A20 VL germine
sequence is amplified. PCR primers suitable for use in amp li-

lYing the DP-3 i germline VH and A20 gCff11inc VL
sequences can be designed based on the nucleotide sequences
disclosed in the references cited supra, using standard meth-
ods.

Once the germJine VH and VL fragments are obtained,
these sequences can be mutated to encode the D2E7 or D2E7-
related amino acid sequences disclosed herein. The amino
acid sequences encoded by the gennline VH and VL DNA
sequences are first compared to the 02E7 or f)2E7 -related
VH and VL amino acid sequences to identify amino acid
residues in the D2E7 or D2E7 -related sequence that diffcr
from germline. Then, the appropriate nucleotides of the ger-
mline DNA sequences are mutated such that the mutated
germine sequence encodes the D2E7 or D2E7-related amino

to
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acid sequence, using the genetic code to determine which
nucleotide changes should be madc. Muragenesi, of the ger-

mline sequcnces is cared out by standard mcthods, such as

PCR-mediated mutagenesis (in which the mutated nucle-
otides are incorporated into the peR primers such that the
PCR product contains the mutations) or site-directed
mutagenesis.

Moreover, it should be noted that if the "germ line"

sequences obtained by PCR amplification encude amino acid
differences in the framework regons from the tre germine
confguration (i.e., differences in the amplified sequence as
compared to the true germine sequence, for example as a
result of somatic mutation), it may be desireable to change
these amino acid differences back to the true germline

sequences (i.e., "backmutation" offramework residues to the
germline confgurdtion).

Once DNA fragments encoding D2E7 or D2F.7 -related VH
and VL segments are obtained (by amplification and
mutagenesis of germ line VH and VL genes, as described
above), these DNA fragments can be further manipulated by
standard recombinant DNA techniques, for example to con-
vert the variable region genes to full-length antibody chain
genes, to Fab fragment genes or to a scFv gene. In these
manipulations, a VL- or VH-encoding DNA fragment is
opemtively linked to another DNA fragment encoding
another protein, such as an antibody constant region or a
flexible linker. The term "operatively linked", as used in this
context, is intended to mean that the two DNA fragments are
joined such that the amino acid sequences encoded by the two
DNA fragments remain in-frame.

The isolated DNA encoding the VII region can be con-
verted to a lìill-length hcavy chain genc by opcratively linng
the VH-encoding DNA to anothcr DNA molecule encoding
heavy chain constant regions (CH 1, CH2 and CH3). The
sequences of human heavy chain constant region genes are
known in the art (see e.g., Kabat, E. A, et al. (1991)
Sequences of Proteins of Immunological Interest, Fifh Edi-
tion, U.S. Department of Health and Human Services, NIH 40
Publication No. 91-3242) and DNA fragments encompassing
these regions can be obtained by standard PCR amplification.
The heavy chain constant region can be an IgG I, IgG2, IgG3,
IgG4, 19A, IgE, IgM or IgD constant region, but most pref-
erably is an IgG i or IgG4 constant region. For a Fab lnigment
heavy chain gene, the VH-encuding DNA can be operatively
linked to another DNA molecule encoding only the heavy
chain CH I constant region.

The isolated DNA encoding the VL region can be con-
verted to a full-length light chain gene (as well as a Fab light
chain gene) by operatively linkng the VL-encoding DNA to
another DNA molecule encoding thc light chain constant
region, CL. The sequences of human light chain constant
region genes are known in the art (see e.g., Kabat, E. A., et al.

(1991) Sequences of Proteins of Immunological Interest, Fifh
Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242) and DNA fragments encom-
passing these regions can beobtained by standard PCR ampli-
fication. The light chain constant region can be a kappa or
lambda constant region, but most prcferably is a kappa con-
stant region.

To create a scFv gene, the VH- and Vi ,-encoding DNA
fragments are operatively linked to another frdgment encod-
ing a flexible linker, e.g., encoding the amino acid sequence
(GlY4-Ser)3' such that the VH and VL sequences can be 65
expressed as a contiguous single-chain protein, with the VL
and VH regions joined by thc flexible linker (see e.g., Bird et

al. (J9RR) Srienr. 242:423-426; Huston et al. (19RR) Pmr..
Nail. A cad. Sci. USA 85:5879-5883; McCaffei1et al" Nuturl!
(1990) 348:552-554).

To express the antibodies, or antibody portions of the
invention, DNAs encoding partial or full-length light and
heavy chains, obtained as described above, are inserted into
expression vectors such that the genes are operatively linked
to transcriptional and trslational control sequences. In this

context, the term "operatively linked" is intended to mean thDi
10 an antibody gene is ligated into a vector such ilat transcrip-

tional and tran~latiunal control sequence~ within the vector
serve their intended function of reglating the transcription
and translation of the antibody gene. The expression vector
and expression control sequences are chosen to be compatible

15 with the expression host cell used. The antibody light chain
gene and the antibody heavy chain genc can be inserted into
separate vector or, more typically, both gcnes are inserted into
the same expression vector. The antibody genes are inserted
into the expression vector by standad methods (e.g., ligation

20 of complementary restriction si tes on the antibody gene frag-
ment and vector, or blunt end ligation ifno restrction sites are
present). Prior to insertion of the D2E7 or D2E7-related light
or heavy chain sequences, the expression vector may already
car antibody constant region sequences. For example, one

25 approach to converting the D2E7 or D2E7 -related VB and VL
sequences to full-length antibody genes is to insert them into
expression vectors already encoding heavy chain constant
and light chain constant region~, re~pectively, such that the

VH segment is operatively linked to the CH segment(s)
30 within the vector and the VL segent is operatively linked to

the CL segment within the vector. Additionally or alterna-
tively, the recombinant expression vector can encode a signal

peptide that facilitates secretion of 
the antibody chain from a

host ccll. The antibody chain gcnc can be cloned into the
35 vector such that the signal peptide is linked in-frame to the

amino terminus of the antibody chain gene. The signal pep-
tide can be an immunoglobulin signal peptide or a heterolo-
gous signal peptide (i.e., a signal peptide from a non-immu-
noglobulin protein).

In addition to the antibody chain genes, the recombinant
expression vectors of the invention carr regulatory

sequences that control the expression of the antibody chain
gencs in a host cell. The term "regulatory sequcnce" is

intended to includes promoters, enhancers and other expres-
45 sion control elements (e.g., polyadeny lation signals) that con-

trol the transcription or trdnslation of the antibody chain
genes. Such regulatory scquences are described, for example,
in Goeddel; Gene Expression Technology: Me/hods in Enzy-
mology I 85,Academic Press, San Diego, Calif. (1990). It will

50 be appreciated by those skilled in the art that the design of the
expression vector, including the selection of regulatory

sequences may depend on such factors as the choice of the
host cell to be transformed, the level of expression of protein
desired, etc. Preferred regulatory sequences for mamalian

55 host cell exprcssion include viral elements that direct high
levels of protein expression in mammalian cells, such as
promoters and/or enhancers derived from cytomegalovirs
(CMV) (such as the CMV promoter/enhancer), Simian Vuus
40 (SV40) (such as the SV40 promoter/enhancer), adenovi-

60 nis. (e.g., the adenovinis major late promoter (AdMLP)) and
polyoma. For furter description of viral regulatory elements,
and sequences thereof, ,ee e.g., U.S. PaL. No. 5,J6R,062 hy
Siinski, U.S. PaL. Nu. 4,510,245 by Bell et al. and U.S. PaL.
No. 4,968,615 by SchafffeT et al.

In addition to the antibody chain genes and regulatory

sequences, the recombinant expression vectors of the inven-
tion may carr additional sequences, such as sequences that
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regulate replication olthe vector in host cellR (e.g., originR of
replication) and selectable marker genes. 'The selectable

marker gene facilitates selection of host cells into which the
vector has been introduced (see e.g., U.S. Pat. Nos. 4,399,
216, 4,634,665 and 5,179,017, all by Axel et al.). For
example, typically the selectable marker gene confers resis-
tance to dnigs, such as G418, hygromycin or methotrexate, on
a host cell into which the vector has been introduced. Prc-
ferred selectable marker genes include the dihydrofolate
reductase (DHFR) gene (lor use in dhlr- host cells with 10
methotrexate selection/amplification) and the neo gene (for
G418 selection).

For expression of the light and heavy chains, the expression
vector(s) encoding the heavy and light chains is transfected
into a host cell by standard tecliiques. The varous forms of 15
the term "transfection" are intended to encompass a wide
varety of technques commonly used for the introduction of
exogenous DNA into a prokaryotic or eukaryotic host cell,
e.g., electroporation, calcium-phosphate precipitation,
DEAE-dextran transfection and the like. Although it is theo- 20
retically possible to express the antibodies of the invention in
either prokaryotic or eukaryotic host cells, expression of anti-
bodies in eukaryotic cells, and most preferably mamalian
host cells, is the most preferred because such eukaryotic cells,
and in particular mammaliiin cells, are more likely than 25

prokarotic cells to assemble and secrete a properly folded

and immunologically activeaniibody. Prokaryotic eXpresRion

of antibody genes has been reporied to be inelTeclive for
production of high yields of active antibody (Boss, M. A. and
Wood, C. R. (1985) Immunology Today G: 12-13).

Preferred mammalian host cells for expressing the recom-
binant antibodies of the invention include Chinese Hamster
Ovar (CHO cells) (including dhr-CHO cells, described in
Urlaub and Chasin, (1980) Proc. NaIL. Acad. Sci. USA

77:4216-4220, used with a DHFR selectable marker, e.g., as 35
described in R.J. Kaufmnan and P.A. Sharp (1982) MoL. BioL.

159:601-621), NSO myeloma cells, COS cells and SP2 cells.
When recombinant expression vectors encoding antibody
genes are introduced into mammalian host cells, the antibod-
ies are produced by culturing the host cells for a period of time 40

suffcient to allow for expression of the antibody in the host

cells or, more preferably, secretion of the antibody into the
culture medium in which the host cells are grown. Antibodies
can be recovered from the culture medium using standard
proiein purilkaiion methods.

Hosl cells can also be used to produce portions of intacl
antibodies, such as Fab fragments or scFv molecules. It will
be understood that variations on the above procedure are
withn the scope of the present invention. For example, it may
be desirable to transfect a host cell with DNA encoding either 50
the light chain or the heavy chain (but not both) of an antibody
of this invention. Recombinant DNA technology may also be
used to remove some or all of the DNA encoding either or
both of lhe light and heavy chains thai is nol necessary lor
binding to hTNFa. 'Ihe molecules expressed from such trun- 55

cated DNA molecules are also encompassed by the antibodies
of the invention. In addition. bifunctional antibodies may be
produced in which one heavy and one light chain are an
antibody of the invention and the other heavy and light chain
are specific for an antigen other than hTNa by crosslinng 60
an antibody of the invention to a second antibody by standard
chemical crosslinking methods.

In a preferred system for recombinant expression of an
antibody, or antigen-binding portion thereof, of the invention,
a recombinant expression vector encoding both the antibody 65
heavy chain and the antibody light chain is introduced into
dhr-CHO cells by calcium phosphate-mediated transfection.

Within the recombinant expreRsion vector, the antibody
heavy and light chain genes are each operatively linked to
enhancer!promoter regulatory elements (e.g., derived from
SV40, CMV, adenovirs and the like, such as a CMV
enbancer!AdMLP promoter regulatory element or an SV40
enhancer! AdMLP promoter regulatory element) to drive high
levels of transcription of the genes. The recombinant expres-
sion vector also carres a DHFR gene, which allows for sclec-
tion of CHO cells that have been tranRfected with the vector
using methotrexate selection/amplitication. 'Die selected
transformant host cells are culture 10 allow for expression of
the antibody heavy and light chains and intact antibody is
recovered from the culture medium. Standard molecular biol-
ogy techniques are used to prepare the recombinant expres-
sion vector, transfect the host cells, select for transformants,
culture the host cells and recover the antibody from thc cul-
ture medium.

In view of the foregoing, another aspect of the invention

pertains to nucleic acid, vector and host cell compositions that
can be used for recombinant expression of the anlibodies and
antibody portions of the invention. The nucleotide sequence
encoding the D2E7 light chain variable region is shown in
FIG. 7 and SEQ ID NO: 36. The CDRI domain of the LCVR
encompasses nucleotides 70-102, the CDR2 domain encom-
passes nucleotides 148-168 and the CDR3 domain encom-
passes nucleotides 265-291. The nucleotide sequence encod-
ing the D2F7 heavy chain variable region iR shown in FIG. 8
and SEQ Jl NO: 37. 'Ihe CUR i domain orihe HCVR encom-
passes nucleotides 91-105, the CUR2 domain encompasses

30 nucleotides 148-198 and the CDR3 domain encompasses
nucleotides 295-330. It wil be appreciated by the skiled

artisan that nucleotide sequences encoding D2E7 -related

antibodies, or portions thereof(e.g., a CDR domain, such as a
CDRJ domain), can be deried from the nucleotide
sequences encoding the D2E7 LCVR and HCYR using the
genetic code and standard molecular biology techniqueR.

In one embodiment, the invention provides an isolated
nucleic acid encoding a light chain CDRJ domain comprising
the amino acid sequence of SEQ ID NO: 3 (i.e., the D2E7VL
CDR3), or modified from SEQ 10 NO: 3 by a single alaiune
substitution at position 1, 4, 5, 7 or 8 or by one to five
conservative amino acid substitutions at positions I, 3,4,6,7,

8 and/or 9. TJs nucleic acid can cncodc only the CDR3
region or, more preferably, encodes an cntire antibody light

4S chain variable region (LCYR). For example, the nucleic acid
can encode an LCVR having a CDR2 domain comprising the
amino acid sequence of SEQ ID NO: 5 (i.e., the D2E7 VL
CDR2) and a CDRI domain comprising the amno acid
sequence of SEQ ID NO: 7 (i.e., the D2E7 VL CDR1).

In another embodiment, the invention provides an isolated
nucleic acid encoding a heavy chain CDR3 domain compris-
ing the allnoacid sequcnce of SEQ ID NO: 4 (i.c., the D2E7
VH CDR3), or modified from SEQ 10 NO: 4 by a single
alaiune subslilulion at position 2, 3, 4, 5, 6, 8, 9, lO or i i or by
one to five conservative amino acid substitutions at positions
2, 3, 4. 5, 6. 8. 9. i 0, i i and/or 12. This nucleic acid can
encode only the CDR3 region or, more preferably. encodes an
entire antibody heavy chain variable region (HCVR). For
example, the nucleic acid can encode a HCVR having a
CDR2 domain comprising the amino acid sequence of SEQ
ID NO: 6 (i.e., the D2E7 VB CDR2) and a CDR1 domain
comprising the amino acid sequence of SEQ ID NO: 8 (i.e.,
the D2E7 VH CDRI).

In yet another embodiment, the invention provides isolated
nucleic acids encoding a D2E7-related CDRJ domain, e.g.,
comprising an allno acid sequence selected from the grup
consisting of: SEQ ID NO: 3, SEQ ID NO 4, SEQ ID NO: 1 i,

¡.

I

i
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SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: J 4, SEQ IT
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,
SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID
NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ!D NO: 28, SEQ ID
NO: 29, SEQ ID NO: 30, SEQ ID NO: 3 I, SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO: 35.

In still another embodiment, the invention provides an
isolated nucleic acid encoding an antibody light chain vari-
able region comprising the amino acid sequence of SEQ ID 10
NO: I (i.e., the D2E7 LCVR). Preferably this nucleic acid
comprises the nucleotide sequence of SEQ ID NO: 36,
although the skilled artisan wil appreciate that due to the
degeneracy of the genetic code, other nucleotide sequences
can encode the amno acid sequence of SEQ ID NO: I. The i 5
nucleic acid can encode only the LCVR or can also encode an
antibody light chain constant region, operatively linked to the
LCVR. In one embodiment, this nucleic acid is in a recom-
binant expression vector.

In still another embodiment, the invention provides an 20
isolated nucleic acid encoding an antibody heavy chain vari-
able region comprising the amino acid sequence of SEQ ID
NO: 2 (i.e., the D2E7 HCVR). Preferably this nucleic acid
comprises the nucleotide sequence of SEQ ID NO: 37,
although the skilled artisan will appreciate that due to tbe 25

degeneracy of the genetic code, other nucleotide sequences
can encode the amno acid sequence of SEQ ID NO: 2. The
nucleic acid can encode only the HCVR or can also encode a
heavy chain constant region, operatively linked to the HCVR.
For example, the nucleic acid can comprise an IgG I or IgG4 30
constant region. In one embodiment, this nucleic acid is in a
recom binant expression vector.

The invention also provides recombinant expression vec-
tors encoding both an antibody heavy chain and an ~ntibody
light chain. For example, in one embodiment, the inventionì5
provides a recombinant expression vector encoding:

a) ~n antibody light chain having a varable region com-
prising the amio acid sequence of SEQ ID NO: 1 (i.e., the
D2E7 LCVR); and

b) an antibody heavy chain having a variable region com- 40
prising the amino acid sequence of SEQ 10 NO: 2 (i.e., the
D2E7 HCVR).

The invention also provides host cells into which one or
more of the recombinant expression vectors of the invention
have been introduced. Preferably, the host cell is a mamma- 45
lian host cell, more preferably the host cell is a CHO cell, an
NSO cell or a COS celL.

Stil further the invention provides a method of synthesiz-
ing a recombinant human antibody of the invention by cul-
niringa host cell of the invention in a suitable culture medium 50
until a recombinant human antibody of the invention is syn-
thesized. The method can lì.rther comprise isolating the
recombinant human antibody from the cultue medium.

II. Selection of Recombinant Human Antibodies 55
Recombinant hwnan antibodies of the invention in addi-

tion to the D2E7 or D2E7 -related antibodies disclosed herein
can be isolated by screening of a recombinant combinatorial
antibody librar. preferably a scFv phage display libra.

prepared using human VL and VH cDNAs prepared from 60
MRNA derived from human lymphocytes. Methodologies for
preparing and screening sucb lihraries are known in the art. In

addition to commercially ~vailable kits for generdting phage
display librares (e.g., the Pharmacia Recombinant Phage
Antibody System, catalog no. 27-9400-01; and the Stratagene 65

SurfApTM phage display kit, catalog no. 240612), examples
of methods and reagents particularly amenable for use in
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generating and screening antibody display libraries can be
found in. for example, Ladner et al. U.S. Pat. No. 5,223,409;
Kang et al. PCT Publication No. WO 92/18619; Dower et al.
PCT Publication No. WO 91/17271; Winter et al. PCT Pub-
lication No. WO 92/2079 J; Markland et al PCT Publication
No. WO 92/1 5679; Breitling et al. PCT Publication No. WO
93/01288; McCafferty et al. PCT Publication No. WO
92/01047; Garrard et al. PCT Publication No. WO 92/09690;
Fuchs et al. (i 991) Bio/Technology 9: 1370-1372; Hay et al.

(1992) Hum Antibod Hybridomas 3:81-85; Huse et at. (1989)
Science 246:1275-1281; McCalTerty et ~I., Nature (1990)
348:552-554; Griffths et al. (1993) EMBO J. 12:725-734;
Hawkins et al. (1992) J. Mol BioI 226:889-896; Clackson et
al. (1991) Nature 352:624-628; Gram et al. (1992) ¡WAS
89:3576-3580; Gard et al. (1991) Bio/Technology 9: 1373-
1377; Hoogenboom et al. (1991) Nuc Acid Res 19:4133-
4137; and Barbas et aJ. (1991) PNAS 88:7978-7982.

In a preferred embodiment, to isolate human antibodies
with high affnity and a low olT rdte constant Jor hTNFa, a
murine anti-hTNFa antibody having high affity and a low

off rate constant for hTNa (e.g., MAK 195, the hybridoma
for which bas deposit number ECACC 87 05080 i) is first
used to select human beavy and light chain sequences having
similar binding activity toward hTNa, using the epitope
imprinting, or guided selection, methods described in Hoo-
genboom et aJ., PCT Publication No. WO 93/06213. The
antibody libraries used in this method are preferably scfv
libraries prepared and screened as described in McCafferty et
aI., PCT Publication No. WO 92/01047, McCafferty et aI.,
Nature (1990) 348:552-554; and Griffths et aI., (1993)
EMBOJ. 12:725-734, The scFv antibody libraries preferably
are screened using recombinant human TNra as the antigen.

Once initial human VL and VH segments are selected.
"mix and match" experiments, in which different pairs of the
initially selected VI, and VH segments are screened for
hTNa binding, are performed to select prelerred VLIVH
pair combinations. Additionally, to lì.rther improve the alfn-
ity and/or lower the off rate constant for hTNFa binding, the
VL and VH segments of the preferred VUH pair( s) can be
randomly mutated, preferably within the CDR3 region ofVH
and/or VL, in a process analogous to the in vivo somatic
mutation process responsible for affnity maturation of anti-
bodies durig a natural imune response. This in vitr affn-
ity maturation can be accomplished by amplifYing VH and
VL regions using PCR primers complimentar to the VH
CDR3 or VL CDR3, æspectively, which primen; have been
"spiked" with a random mixture of the four nucleotide bases
at certain positions such that the resultant PCR products
encode Vt- and VL segments into which random mutations
have been introduced into the VI- and/or VL CDR3 regions.
These randomly mutated VH and VL segments can be
rescreened for binding to hTNa and sequences that exhibit
high affity and a low off rate for hTNa binding can be
seleçted.

The amino acid sequences of selected antibody heavy and
light chains can be compared to germline heavy and light
chain amino acid sequences. In cases where certain frame-
work residues of the selected VL and/or VH chains differ
from the germline confguration (e.g., as a result of somatic
mutation of the imunoglobulin genes used to prepare the
phage library), it may be desireable to "backmutate" the
altered framework residues of the selected antibodies to the
germline configur~iion (i.e., ch~nge the framework amino
acid sequences of the selected antibodies so that they are the
same as the germline framework amino acid sequences).
Such "backrutation" (or "germining") of framework resi-
dues can be accomplished by standard molecular biology
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methods for introducing specific mutations (e.g., site-di-
rected mutagenesis; PCR-mediated mutagenesis, and the
like).

Following screening and isolation of an anti-hTNa anti-
body of the invention from a recomhinant immunoglobulin
display library, nucleic acid encoding the selected antibody
can be recovered from the display package (e.g., from the
phage genome) and subcloned into other expression vectors
by standard recombinant DNA techniques. If desired, the
nucleic acid can be further manipulated to create other anti-
body forms of the invention (e.g.. linked to nucleic acid
cncoding additional immunoglobulin domains, such as addi-
tionnl constilt regons). To express a recombinant human
antibody isolated by screenig of a combinatorial library, the
DNA encoding the antibody is cloned into a recombinant
expression vector and introduced into a oianalian host

cells, as described in fuer detail in Section II above.

IV, Phaaceutical Compositions and Pharmaceutical
Administration

The antibodies and antibody-portions of the invention can
be incorporated into pharaceutical compositions suitable

for administration to a subject. Typically, the pharmaceutical
composition comprises an antibody or antibody portion of the
invention and a pharmaceutically acceptable carrcr. As us cd
hcrcin, "pharmaceutically acccptablc carrcf' includes any
and all solvents, dispersion media, coatings, antibactenal and
antifungal agents, isotonic and absorption delaying agents,
anù the like that are physiologically compatible. Examples of
pharmaceutically acceptable carrers include one or more of 30

water, saline, phosphate buffered saline, dextrose, glycerol,
ethanol and the like, as well as combinations thereof. In many
cases, it will be preferable to include isotonic agents, for
example, sugars, polyalcohols such as manntol, sorbitol, or
sodium chloride in the composition. Phnrmaceutically

ncceptnble cnrners mny further comprise minor nmounts of
auxiliary substances such as wetting or emulsifying agents,
preservatives or buffers, which enhance the shelflife or effec-
tiveness of the antibody or antibody portion.

The compositions of this invention mny be in n vnriety of
forms. These include, I(¡r example, liquid, semi-solid and
solid dosage forms, such as liquid solutions (e.g., injectable
and infsible solutions), dispersions or suspensions, tablets,

pills, powders, liposomes and suppositories. The preferred
form depends on the intended mode of administration and
therapeutic application. Typical preferred compositions are in
the form of injectable or infsible solutions, such as compo-
sitions similar to those used for passive immunization of
humans with other antibodies. The preferred mode of admin-
istration is parenteral (e.g., intravenous, subcutaneous, intra-
peritoneal, intramuscular). In a preferred embodiment, the
antibody is administered by intravenous infusion or injection.
In another preferred embodiment, the antibody is adminis-
tered by intramuscular or subcutaneous injection.

Therapeutic compositions typically must be sterile and
stable under the conditions of manufacture and storage. The
compositioo can be formulated as a solution, microemulsion,
dispersion, Iiposome, or other ordered strcture suitable to
high drg concentration. Sterile injectable solutions can be
prepared by incorporating the active compound (i.e., anti-
body or antibody portion) in the required amount in il nppro-
priate solvent with one or a combinntion of ingredients enu-
merated above, as required, followed by fitered sterilization.
Generally, dispersions are prepared by incorporating the
active compound into a sterile vehicle that contains a basic
dispersion medium and the required other ingrdients from
those enumerated above. In the case of sterile powders for the
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preparation ofsteri Ie injectable solutions, the preferred meth-
ods of preparation are vacuum dring and freeze-drying that
yields a powder of the active ingrdient plus any additional
desired ingredient from a previously sterile-filtered solution
thereof. The proper fluidity of a solution can be maintained,
for example, by the use of a coating such as lecithin, by the
maintenance of the required paricle size in the case of dis-
persion and by the use of sudactants. Prolonged absorption of
injectnble compositions can be brought about by including in

10 the composition an agent thai delays absorption, lor example,
nionoslearate SäItS anù gelatin.

The antibodies and antibody-portions of the present inven-
tion can be administered by a variety of methods known in the
art, although for many therapeutic applications, the preferred

15 route/mode of administrtion is intravenous injection or infu-
sion. As will be appreciated by the skilled artisan, the routc
and/or mode of administration wil vary depending upon the
desired results. In certain embodiments, the active compound
may be prepared with a carer that wil protect the compound

20 against rapid release, such as a controlled release formula-
tion, including implants, transdermaI patches! and microen-
capsulated delivery systems. Biodegadable, biocompatible
polymers can be used, such as ethylene vinyl acetate, poly-
anhydrdes, polyglycolic acid, collagen, polyortoesters. and

25 poly lactic acid. Many methods for the preparation of such
formulmions nre patented or generally known to those skiled
in the nr!. See, e.g., Sustained and Controlled Release Drug
Delivery Systems, J. R. Robinson, ed., Marcel Dekker, Inc.,
New York, 1978.

In certnin embodiments, an antibody or antibody portion of
the invention may be orally adnstered, for example, with
an inert diluent or an assimilable edible carer. The com-
pound (and other ingredients, if desired) may also be enclosed
in a hard or soft shell gelatin capsule, compressed into tablets,

35 or incorporated directly into the subject's diet. For oml thera-
peutic administration, the compounds may be incorporated
with excipients and used in the form of inge~tible tablet~,
buccal tablets, troches, capsules, elixirs, suspensions, syrups,
wafers, and the like. To administer a compound of the inven-

40 tion by other than parenteral administration. it may be neces-
sar to coat the compound with, or co-administer the com-
pound with, a material to prevent its inactivation.

Supplementary active compounds can also be incorporated
into the compositions. In certin embodiments, nn nntibody

45 or antibody portion of the invention is coformulaled with
and/or coadministered with one or more additional therapeu-
tic agents that are useful for treating disorders in which TNFa
activity is detrimentaL. For example, an anti-hTNFa antibody
or antibody portion of the invention may be coformulated

so and/orcoadministered with one or more additional antibodies
that bind other targets (e.g., antibodies that bind other cytok-
ines or that bind cell surface molecules), one or more cytok-
ines, soluble TNa receptor (see e.g., PCT Publication No.
WO 94/06476) and/or one or more chemical agents that

55 iibit hTNFa production or activity (such as cyclohexane-
ylidene derivatives as described in PCT Publication No. WO
93/ i 975 i). Furthermore, one or more antibodies of the inven-
tion may be used in combination with two or more of the
foregoing therapeutic agents. Such combination therapies

60 may advantageously utilze lower dosage~ of the adminis-
tered therapeutic agents, thus nvoiding possible toxicities or
complications associated with the vnrious monotherapies.

Nonlimiling examples of therapeutic agents for rheuma-
toid arthritis with which an antibody, or antibody portion, of

65 the invention can be combined include the following: non-
steroidal anti-infammatory drg(s) (NSAJDs); cytokine sup-
pressive anti-inflammatory drg(s) (CSAlDs); CDP-57l/
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BAY-IO-3356 (humanized anti-TNa antibody; Celltechl
Bayer); cA2 (chieric anti-TN Fa antibody; Centocor); 75
kdTNR-IgG (75 kD TNI' receptor-IgG fusion protein;
Immunex; see e.g., Arthritis & Rheumatism (1994) VoL. 37,
S295;1. Invest. Med. (1996) Vol. 44, 235A); 55 kdTNFR-IgG

(55 kD TNI' receptor-lgG fusion protein; Hoffman-
LaRoche); IDEC-CE9.I/SB 210396 (non-depleting prima-
tized anti-CD4 antibody; IDEC/SmithKline: see c.g., Arthri-
tis & Rheumatism (1995) Vol. 3R, S 1 R5); DA8 4R6- II .-2
and/or DAB 389-IL-2 (IL-2 Jusion proteins; Seragen; see 10
e.g., Arthritis & Rheumatism (1993) Vol. 36, 1223); Anti- Tac

(humanized anti-IL-2Ra; Protein Design LabslRoche); IL-4
(anti-infammatory cytokie; DNAXSchering); IL-I 0 (SCH
52000; recombinant IL-IO, anti-inflammatory cytokine;
DNA,,(/Schering); IL-4; IL-lO andJor IL-4 agonists (e.g., 15
agonist antibodies); IL-IRA (lL-l receptor antagonist; Syn-
ergcnJAmgen); TNF-bp/s- TNFR (soluble TN binding pro-

iein; see e.g., Arthritis & Rheumatism (1996) Vol. 39, NO.9
(supplement), S284;Amer. 1. Physiol.-Heart and Circulaiory
Physiology (1995) Vol. 268, pp. 37-42); R973401 (phos- 20
phodiesterase Type iV inhibitor; see e.g., Arthritis & Rheu-
matism (1996) Vol. 39, No.9 (supplement), S282); MK-966
(COX-2 Inhbitor; see e.g., Arthritis & Rheumatism (I 996)
Vol. 39, NO.9 (supplement), S8l); Iloprost (see e.g., Arihritis
& Rheumatism (1996) Vol. 39, NO.9 (supplement), S82); 25
methotrexate; thalidomide (see e.g., Arthrits & Rheumalism
(1996) Vol. 39, NO.9 (supplement), S282) and thalidomide-
related drugs (e.g., Celgen); leflunomide (anti-inflanatory
and cytokine inhibitor; see e.g., Arthritis & Rheumatism
(1996) Vol. 39, No.9 (supplement), S13I; Inflammation 30
Research (1996) Vol. 45, pp. 103- i 07); tranexamic acid (in-
hibitor of plasminogen activation; see e.g., Arthritis & Rheu-
matism (I 996) Vol. 39, NO.9 (supplement), S284); T-6 I 4
(cytokine inhibitor; see C.g., Arl1iritis & Rheumatism (1996)
Vol. 39, No.9 (supplement), S282); prostaglandin EI (see 35

e.g., Arthritis & Rheumatism (i 996) Vol. 39, NO.9 (supple-
ment), S282); Tenidap (non-steruidal anti-intlammatory
drug; see e.g., Arthritis & Rheumatism (i 996) Vol. 39, NO.9
(supplement), S280); Naproxen (non-steroidal anti-infam-
matory drug; see e.g., Neuro Report (1996) Vol. 7 pp. 1209- 40
1213); Meloxicam (non-steroidal anti-inflammatory drug);
Ibuprofen (non-steroidal anti-infammatory drg); Piroxicam
(non-steroidal anti-inflammatory drg); Diclofenlc (non-ste-

roidal anti-infammatory drg); Indomethacin (non-steroidal

anti-inamatory drg); Sulfasalazine (see e.g., Arhritis & 45
Rheumatism (I 996) Vol. 39, NO.9 (supplement), S281 );Az-
thioprine (see e.g., Arthrilis & Rheumatism (1996) Vol. 39,
No.9 (supplement), S281); ICE inibitor (inhibitor of the
enzme interleukin-l ß converting enzyme); zap- 70 andJor
Ick inhbitor (inhbitor of the tyrosine kiase zap-70 or Ick); 50
VEGF inhibitor and/or VEGF-R inhibitor (inhbitors of vas-
cular cndothelial cell growth factor or vascular endothclial

cell growth factor receptor; inhbitors of angiogenesis); cor-

ticosteroid anti-innammatory drugs (e.g., SB203580); TNF-
convei1se inhbitors; anti-IL-12 antibodies; interleukin-ll 55
(see e.g., Arthritis & Rheumatism (1996) Vol. 39, No.9
(supplement), S296); interJeukin-13 (see e.g., Arthritis &
Rheumatism (1996) Vol. 39, No.9 (supplement), S308); inter-
leuki-17 inhibitors (see e.g., Arthritis & Rheumatism (1996)
Vol. 39, NO.9 (supplement), SI20); gold; penicillamine; 60
chloroquine; hydroxychloroquine; chlorambucil; cyclophos-
phamide; cyclosporine; total lymphoid irradiation; anti-thy-
mocyte globulin; anlI-CD4 antibodies; CD5-toxins; orally-
administered peptides and collagen; lobenzart disodium;

Cytokine Regulating Agents (CRAs) HP228 and HP466 65
(Houghten Pharaceuticals, Inc.); ICAM-l antisense phos-
phorothioate oligodeoxynucleotides (ISIS 2302; Isis Phar-
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maceuticals, Inc.); soluble complement receptor I (fPIO; T
Cell Sciences, Inc.); predisone; orgotein; g1ycosaminogly-
can polysulphate; minocycline; anti-IL2R antibodies; marine
and botanical lipids (fish and plant seed fany acids; see e.g.,
DeLuca et al. (1995) Rheum. Dis. Clin. North Am. 21:759-
777); auranofiii; phenylbutazone; meclofenamic acid; flu fe-
namic acid; intravenous immlUe globulin; zileuton; myco-
phenolic acid (RS-61443); iacrolimus (FK-506); sirolimus
(rapamycin); amiprilose (therafectin); cladrihine (2-chlom-
deoxyadenosine); and azarbine.

Nonlimiting examples of therapeutic agents for infamma-
tory bowel disease with which an antibody, or antibody por-
tion, of the invention can be combined include the following:
budenoside; epidermal growth factor; corticosteroids;
cyclospori, sulfasalazine; aminosalicylates; 6-mercaptopu-
rine; azathoprine; metronidazole; lipoxygenase inhibitors;
mesalamie; olsalazine; balsalazide; antioxidants; throm-
boxane inhbitors; IL-l receptor antagonists; anti-1L-l ß
monoclonal antibodies; anti-IL-6 monoclonal antibodies;
growth factors; elastase inhibitors; pyridinyl-imidazole com-
pounds; CDP-571IBAY-IO-3356 (humanized anti-TNa

antibody; CelltechlBayer); cA2 (chimeric anti-TNFa anti-
body; Centocor); 75 kdTNl'R-lgG (75 kD TNl' receptor-lgG
fusion protein; Immunex; see e.g., Arthritis & Rheumatism
(1994) Vol. 37, S295; 1. Invest. Med. (I 996) Vol. 44, 235A);
55 kdTNFR-lgG (55 kD TNF receptor-lgG fusion protein;
Hoffmann-LaRoche); interleukin-IO (SCH 52000; Schering
Plough); IL-4; lL-l 0 and/or IL-4 agonists (e.g., agonist anti-
bodies); interleukin-ll; glucuronide- or dextr-conjugated
prodrugs of prednisolone, dexamethasone or budesonide;

¡CAM-! antisense phosphorothioate oligodeoxynucleotides
(ISIS 2302; Isis Pharmaceuticals, Inc.); soluble complement
receptor 1 (TPl 0; TCell Sciences, Inc.); slow-release rnesala-
zine; mcthotrexate; antagonists of Platelet Activating Factor
(PAF); ciprofloxacin; and lignocaine.

Non limiting examples of therapeutic agents for multiple
sclerosis with which an antibody, or antibody portion, ofihe
invention can be combined include the following: corticos-
teroids; prednisolone; methylprednisolone; azathioprie;

cyclophosphamide; cyclosporine; methotrexate; 4-aminopy-
ridine; tizanidine; interferon-ß 1 a (Avonex™; Biogen); inter-
feron-ß I b (Betaseron™; ChironlerJex); Copolymer 1 (Cop-
1; Copaxone™; Teva Pharaceutical Industries, Inc.);
hyperbaric oxygen; intravenous immunoglobulin; clabribine;
CDP-571/BAY-IO-3356 (humanized anlÎ-TNa antibody;
CeIltechlBayer); cA2 (chimeric anti"TNFu antibody; Cento-
cor); 75 kdTNR-lgG (75 kD TN receptor-IgG fusion pro-
tein; lmmlUex; see e.g., Arthritis & Rheumatism (1994) Vol.
37, S295;J. Invest. Med. (1996)Vol. 44, 235A); 55 kdTNR-
IgG (55 kD TN receptor-IgG fusion protein; Hoffman-
LaRoche); IL-IO; lL-4; and IL-lO andJor IL-4 agonists (e.g.,
agonist antibodies).

Nonlimiting examples oftherapeutie agents for sepsis with
which an antibody, or antibody portion, of the invention can
be combined include the following: hypertonic saline solu-
tions; antibiotics; intravenous gamma globulin; continuous
hemofiltration; carbapenems (e.g., meropenem); antagonists
ofcytokines such as TNFa, IL-Iß, IL-6 andJor IL-8; CDP-
571IBAY-IO-3356 (humanized anti-TNa antibody;
Celltechlayer); cA2 (chimeric anti-TNI'aantibody; Cento-

cor); 75 kdTNR-lgG (75 kD TN receptor-lgG fusion pro-
tein; Immunex; see e.g., Arthritis & Rheumatism (1994) Vol.
37, S295;J. Invesl. Med. (1996) Vol. 44, 235A); 55 kdlNFR-
IgG (55 kD TNF receptor-lgO fusion protein; Hoffman-
LaRoche); Cytokine Regulating Agents (CRAs) HP228 and
HP466 (Houghten Pharmaceuticals, Inc.); SK&F 107647
(low molecular peptide; SmithKline Beecham); tetravalent
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guanylhydrazone CNl-1493 (Picower Institute); Tissue Fac-
tor Pmhway Inhibitor (TFPL Chiron): PHP (chemically
modified hcmoglobin; APEX Bioscicncc); iron chelators and
chelates, including diethylenetrianiine pentaacetic acid-
iron (1I) complex (DTPA iron (Ill); Molichem Medicincs);
lisofylline (synthetic small molecule methylxanthine; Cell
Therapeutics, Inc.); PGG-Glucan (aqeuous soluble ß i ,3glu-
can; Alpha-Beta Technology); apolipoproiein A-I recomti-

iuted with lipids; chiral hydroxamic acids (synthetic antibac-
terials that inbit lipid A biosynthesis); anti-endotoxin 10

antibodies; E5531 (synthetic lipid A antagonist; Eisai
America, Inc.); rBP121 (recombinant N-teminal fragment of
human BactericidallermeabiJity-lncreasing Protein); and
Synthetic Anti-Endotoxin Peptides (SAEP; BiosYntli 15
Research Laboratories);

Nonlimiting examples of therapeutic agents for adult rcs-
piwtory distress syndrome (ARDS) with which an antibody,
or antibody portion, of the invcntion can bc combincd includc
the following: anti-IL-8 antibodies; surfactant replacement 20
therapy; CDP-571IBAY-IO-3356 (humanized anti-TNFa
antibody; CelltechlBayer); cA2 (chimeric anti-TNa anti-
body; Centocor); 75 kdTNFR-lgG (75 kD TN receptor-IgG
fusion protein; Immunex; see e.g., Arthritis & Rheumatism
(1994) VoL. 37, S295; J. Invest. Med. (1996) VoL. 44, 235A); 25
and 55 kdTNFR-lgG (55 kD TNF receptor-1gG fusion pro-
tein; HoHinann-LaRoche).

The use of the antibodies, or antibody portions, of the
invention in combination with other therapeutic agents is 30

discussed further in subsection IV.

The pharaceutical compositions of the invention may
include a "therapeutically effective amount" or a "prophylac-
tically cffcctive amount" of an antibody or antibody portion
of the invention. A "therapeutically effective amount" refers ))
to an amount effective, at dosages and for periods of time
necessar, to achieve Ihe desired Ù1erapeutic result. A thera-
peutically effective amount of the antibody or antibody por-
tion may var according to factors such as the disease state,
age, sex, and weight of the individual, and the ability of the 40

antibody or antibody portion to elicit a desired response in the
individuaL. A therapeutically effective amount is also one in
which any toxic or detrimental effects of the antibody or
antibody portion are outweighed by the therapeutically ben-
eficial effects. A "prophylactically etfectiveamount" refers to 45
an amount effective, at dosages and for periods of time nec-
essar, to achieve the desired prophylactic result. Typically,
since a prophylactic dose is used in subjects prior to or at an
earlier stage of disease, the prophylactically effective amount
will be less than the therapeutically effective amount.

Dosage regimens may be adjusted to provide the optimum
desired response (e.g., a therapeutic or prophylactic

response). For example, a single bolus may be administered,
several divided doses may be administered over time or the
dose may be proportionally reduced or increased as indicated 55

by the exigencies of the therapeutic situation. It is especially
advantageous to formulate parenteral compositions in dosage
unit form for ease of administration and uniformity ofdosage.
Dosage unit form as used herein refers to physically discrete
units suited as uniiary dosages for the manalian subjects to 60
be treated; each unit coniaining a predetermined quantity of
active compound calculaled to produce the desired therapeu-
tic effecl in association with the required pharmaceutical
carrier. The spccification for the dosage unit forms of the
invention are dictated by and directly dependent on (a) the 65
unique characteristics of the active compound and the par-
ticular therapeutic or prophylactic effect to be achieved, and
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(b) the limitations inherent in the art otcompounding such an
active compound for the treatment of sensitivity in individu-
als.

An exemplar, non-limiling rdnge lor a ihempeutically or
prophylactically effective amouni of an antibody or antibody
portion of the invention is 0.1-20 mg/kg, more preferably
i -i 0 mg/g. It is to be noted thai dosage values may vary with
the tye and severity of the condition to be alleviated. It is to
be further understood that for any paricular subject, specific
dosage regimens should be adjusted over time according to
the individual need and the professional judgment of the
person administerig or supervising the admnislràlion of the
compositions, and that dosage rànges sel forÙ1 herein are
exemplary only and are not intended to limit the scope or
practice of the claimed composition.

iv. Uses of the Antibodies of thc Invention
Given their ability 10 bind to hTNFa, the anti-hTNFa

antibodies, or portions thereof, of the invention can be used to
detect hTNFa (e.g., in a biological sample, such as seru or
plasma), using a conventional immunoassay, such as an
enzyme linked immunosorbent assays (ELISA), an radioim-
munoassay (RIA) or tissue immunohistochemistry. The
invention provides a method for detecting hTNFa in a bio-
logical sample comprising, contacting a biological sample
with an antibody, or antibody portion, of the invention and

detecting either the antibody (or antibody portion) bound to
hTNla or unbound antibody (or antibody portion), to thereby
dctect hTNFa in the biological sample. The antibody is
directly or indirectly labcled with a detectable substance to
facilitate detection of thc bound or unbound antibody. Suii-
able deteciable substances include various enzymes, pros-
Ùietic groups, fluorescent materials. luminescent m~teriais
and radioactive materials. Examples of suitable enzymes
include horseradish peroxidase, alkaline phosphatase, ß-ga-
lactosidase, or acetylcholinesterase; examples of suitable
prosthetic grup complexes include streptavidinliotin and
avidinliotin; examples of suitable fluorescent materials
include umbellferone, fluorescein, fluorescein isothiocyan-
ate, rhodamine, dichlorotriazinylamine fluorescein, dansyl
cWoride or phycoerythn; an ex~mple of a luminescent male-
rial incJude~ luminol; and examples of suitable radioactive
material include 1251, 131 I, 35S or 3H.

Alternative to labeling the antibody, hTNFa can be
assayed in biological tIuids by a competition immunoassay
utilizing rhTNFa standads labeled with a detectable sub-
stance and an unlabeled anti-hTNFa antibody. In this assay,
the biological sample, the labeled rhTNFa standards and the
anii-hTNa antibody are combined and the amount of

so labeled rhTNFa standard bound to the unlabeled antibody is
determined. The amount ofhTNFa in the biological sample is
inversely proportional to the amount oflabcled rhTNa stan-
dard bound to the anti-hTNa antibody.

A D2E7 antibody of the invention can also be used to detect
TNas from species other than humans, in paricular TNas
from primatcs (e.g., chipanzee, baboon, marmoset, cyno-
molgus and rhesus), pig and mouse, since D2E7 can bind to
each of ihese TNFus (discussed lunher in Exiiple 4, sub-
section E).

The antibodies and antibody portions of the invention are
capable of neutralizing hTNa activity both in vitro and in
vivo (see Example 4). Moreover, at least some of the anti bod-
ies of the invention, such as D2E7, c~n neutralize TNFa
activity from other species. Accordingly, the antibodies and
antibody portions of the invention can be used to inhibit
TNFa activity, e.g., in a cell cultue containing hTNa, in
human subjects or in other mammalian subjects having
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TNFm with which an antibody of the invention cross-reacts
(e.g. chimpanzee, baboon, marmoset, cynomolgus and
rhesus, pig or mouse). In one embodiment, the invention
provides a method for inhbiting TNFa activity comprising
contacting TNa with an antibody or antibody portion of the
invention such that TNFa activity is inhbited. Preferably, the
TNa is human TNa. For example, in a cell culture con-
iairung, or suspccted of contairung hTNa, an antibody or
antibody portion of the invention can he added to the culture
medium to inhbit hTNa activity in the culture.

In anoÙler embodiment, the invention provides a meÙlod
for inibiting TNFa activity in a subject suffering Irom a
disorder in which TNa activity is detrin1ental. TNFa has
been implicated in the pathophysiology of a wide variety of
disorders (see C.g., Moeller, A., et al. (1990) Cyiokine 2: 162- 15
i 69; U.S. Pat. No. 5,23 i ,024 to Moeller ct al.; Europcan
Patcnt Publication No. 260 610 Bl by Moeller, A.). The
invention provides methods for TNFa activity in a subject
suffering from such a disorder, which meÙlod comprises
adminstering to Ùle subject an antibody or antibody portion 20
of the invention such Ùlat TNFa activity in the subject is
inhibited. Preferably, the TNa is human TNa and the
subject is a human subject. Alternatively, the subject can be a
mammal expressing a TNFa with which an antibody of the
invention cross-reacts. Still further the subject can be a mam- 25
mal into which has been introduced hTNa (e.g., by admin-
istration ofhTNFa or hy expression nfan hTNFa iransgene).
.An antibody of the invention can be administered to a human
subject for therapeutic purposes (discussed further below).

Moreover, an antibody of the invention can be administered to 30
a non-human mammal expressing a TNFa with which the
antibody cross-reacts (e.g., a primate, pig or mouse) for vet-
erinary puroses or as an arumal model of human disease.

Regarding the lauer, such animal models may be uscful for
evaluating the therapeutic effcacy of antibodies of the inven- 35

tion (e.g., testing of dosages and time courses of administra-
tion).

As used herein, the term "a disorder in which TNFa activ-
ity is detrimental" is intended to include diseases and other
disorders in which the presence ofTNa in a subject suffer- 40
ing from the disorder has been shown to be or is suspected of
being either responsible for the pathophysiology of the dis-
ordcr or a factor that contrbutes to a worserung ofthc disor-
der. Accordingly, a disorder in which TNFa activity is detr-
mental is a disorder in which inhbition ofTNFa activity is 45
expected to alleviate the symptoms and/or progression of Ùle
disorder. Such disorders may be evidenced, for example, by
an increase in Ùle concentration ofTNa in a biological fluid
of a subject suffering from the disorder (e.g., an increase in
the concentration ofTNa in seru, plasma, synovial fluid, 50
etc. of the subject), which can be detected. for example, using
an anti-TNa antibody as dcscribed abovc. There are numer-
ous examples of disorders in which -INFa activity is detr-
mental. The useofÙle antibodies and antibody portions ofÙle
invention in the treatment of specific disorders is discussed S5
fuer below:

A. Sepsis
Tumor necrosis factor has an established role in Ùle patho-

physiology of sepsis, with biological effects that include
hypotension, myocardial suppression, vascular leakage syn- 60

drome, organ necrosis, stimulation of the release of toxic
secondary mediators and activation of the clotting cascade
(see e.g., Moeller, A., et al. (1990) Cytokine 2:162-169; U.S.
Pat. No. 5,231,024 to Moeller et al.; European Patent Publi-
cation No. 260 610 Bl by Moeller, A; Tracey, K. J. and 65
Cerami, A. (1994) Annu. Rev. Med. 45:491-503; Russell, D
and Thompson, R. C. (1993) Curr Opin. Biotech. 4:714-72 i).

Accordingly, the human antibodies, and antihody portions, of
Ùle invention can be used to treat sepsis in any of its clinical
settings, including septic shock, endotoxic shock, gram nega-
tive sepsis and toxic shock syndrme.

Furthermore, to treat sepsis, an anti-hTNa antibody, or
antibody portion, of the invention can be coadmnistered with
one or more additional therapeutic agents that may furter
allcviate sepsis, such as an interleukin- i inhibitor (such as
Ùlose described in PCT Publication Nos. WO 92/16221 and

10 WO 92!l7583), the cytokine interleukin-6 (see e.g., PCT
Publication No. WO 93/1 i 793) or an antagonist of platelet
activating factor (see e.g., European Patent Application Pub-
lication No. EP 374510). Other combination therapies forthe
treatment of sepsis are discussed further in subsection IlL.

Additionally, in a preferred embodiment, an anti-TNI'a
antibody or antibody portion ofthc invention is administered
to a human subject within a subgrup of sepsis patients hav-
ing a serum or plasma concentrdtion ofL-6 above 500 pglml,
and more prelerably 1000pglml, at the timeoltreatment (see
PCT Publication No. WO 95/20978 by Daum, L., et al.).

B. Autoimmune Diseases
Tumor necrosis factor has been implicated in playing a role

in the pathophysiology of a variety of autoimmune diseases.
For example, TNa has been implicated in activating tissue
inflammation and causing joint destruction in rheumatoid
arttis (see e.g., Moeller, A., et al. (1990) Cyiokine 2:162-

169; U.S. Pat. No. 5,23 I ,024 to Moeller et al.; European
Patent Publicatiun No. 2606 lOB i by Moeller, A.; Trdcey and
Cerami, supra; Arend, W. P. and Dayer, J- M. (1995) Arth.
Rheum. 38:151-160; Fava, R. A., et al. (1993) C/in. Exp.
lmmunol. 94:261-266). TNFa also has been implicated in
promoting the death of islet cells and in mediating insulin
resistance in diabetes (see e.g., Tracey and Cerami, supra;
PCT Publication No. WO 94/08609). TNa also has been
implicated in mediating cytotoxicity to oligodendrocytes and
induction of intlammatory plaques in multiple sclerosis (see
e.g., Tracey and Cerami, supra). Chimeric and humanized
murine anti-hTNFa antibodies have undergone clinical test-
ing for treatment of rheumatoid arhrtis (see e.g., Elliott, M.
J., et al. (1994) Lancet 344:1125-1127; Elliot, M. J., et al.
(i 994) Lancet 344: i 105- i i 1 0; Rankin, E. e., et al. (i 995) Br.
J Rheumalol. 34:334-342).

Thc hlUan antibodies, and antibody portions of the inven-
lion can be used to treat autoimmune diseases, in particular
Ùlose associated with infammation, including rheumatoid
arthrtis, rheumatoid spondylitis, osteoarthrtis and gouty
ai1itis, allergy, multiple sclerosis, autoimmune diabetes,
autoimmune uveitis and nephrtic syndrome. Typically, the
antibody, or antibody portion, is administered systemically,
although for certain disorders, local administration of the
antibody or antibody portion at a site of inflamation may be
bencficial (e.g., local administration in Ùle joints in rheuma-
toid arttis or topical application to diabetic ulcers, alone or

in combination with a cyclohexane-ylidene derivative as
described in PCT Publication No. WO 93/19751). An anti-
body, or antibody portion, of the invention also can be admin-
istered with one or more additional therapeutic agents useful
in the treatment of autoimmune diseases, as discussed furter
in subsection Il.

e. Infectious Diseases

Tumor necrosis factor has been implicated in mediating
biological effects observed in a variety of infectious diseases.
For example, TNFu has been implicated in mediating brain
inammation and capilar thrombosis and infarction in
malaria. TNa also has been implicated in mediating brain
inflammation, inducing breakdown of the blood-brain barer,
trggering septic shock syndrome and activating venous inf-
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arction in meningitis. TNa also has been implicated in
inducing cachexia, stimulating viral proliferation and medi-
ating central nervous system injur in acquired immune defi-
ciency syndrme (AlDS). Accordingly, the antibodies, and
antibody portions, of the invention, can be used in the treat- 5

ment of infectious diseases, including bacterial meningitis
(see e.g., European Patent Application Publication No. E1'
585 705), ccrebral malaria, AlDS and AIDS-related complex
(ARC) (see e.g., European Patent Application Puhlication
No. EP 230 574), as well as cyiomegalovinis infection sec- 10
ondary to transplantation (see e.g., Fietze, E., et al. (1994)
Transplantation 58:675-680). The antibodies, and antibody
portions, of the invention, also can be used to alleviate symp-
toms associated with infectious diseases, including fever and
myalgias due to infection (such as infuenz) and cachexia t5
secondary to infection (e.g., secondary to AIDS or ARC).

D. Transplantation
Tumor necrosis factor has been implicated as a key media-

tor of allograft rejection and graft versus host disease

(GVHD) and in mediating an adverse reaction that has been 20
observed when the rat antibody OKT3, directed against the T
cell receptor CD3 complex, is used to inhbit rejection of
renal transplants (see e.g., Eason, J. D., et al. (1995) Trans-
plantation 59:300-305; Suthanthiran, M. and Strom, 1' B.
(1994) New Engl. J Med. 331:365-375). Accordingly, the 25
antibodies, and antibody portions, of the invention, can be
used to inhibit transplant rejection, including rejections of
allogrdlts and xenografts and to inhbit GVHD. Although the
antibody or antibody portion may be used alone, more pref-
erably it is used in combination with one or more other agents 30
that inhibit the imune response against the allograft or
inibit GVHD. Forexample, in one embodiment, an antibody
or antibody portion of the invention is used in combination
with OKT3 to inhibit OKT3-induced reactions. In another
emhodiment, an antibody or antibody portion ofthe invention 35
is used in comhination with one ormore antibodies directed at
other targets involved in regulating immune responses, soch
as the cell surface molecules CD25 (intcrleuki-2 receptor-
a), CDI la (LFA-l), CD54 (lCAM- i), CD4, CD45, CD281
CTLA4, CD80 (B7-1) and/or CD86 (B7-2). In yet another 40
embodiment, an antibody or anti body portion ofthe invention
is used in combination with one or more general immunosup-
pressive agents, such as cycIosporin A or FK506.

E. Malignancy
Tumor necrosis factor has been implicated in inducing 45

cachexia, stimulating tumor growth, enhancing metastatic
potential and mediating cytotoxicity in malignancies.

Accordingly, the antibodies, and antibody portions, of the
invention, can be used in the treatment of malignancies, to
inhibit tuor grwth or metastasis and/or to alleviate 50

cachexia secondary to malignancy. The antibody, or antibody
portion, may be administered systemically or locally to thc
rumor site.

F. Pulmonary Disorders
Tumor necrosis factor has been implicated in the patho- 55

physiology of adult respirtory distress syndrome (ARS),
including stimulating leukocyte-endothelial activation,
directing cytotoxicity to pneumocytes and inducing vascular
leakage syndrme. Accordingly, the antibodies, and antibody
portions, of The invention, can be used to treat various pulmo- 60
nar disorders, including adult respiratory distress syndrome
(see e.g., PCT PublicaTion No. WO 91/04054), shock lung,
chronic pulmonar inflamatory disease, pulmonar sarcoi-
dosis, pulmonary fibrosis and silicosis. The antibody, or anti-
body portion, may be administered systemically or locally to 65
the lung surface, for example as an aerosol. An antibody, or
antibody portion, of The invention also can be administered

30
with one or more additional therapeutic agents useful in the
treatment of pulmonar disorders, as discussed furter in
subsection III.

G. Intestinal Disorders

Tumor necrosis factor has been implicated in the patho-
physiology of infammatory bowel disorders (see e.g., Tracy,
K. 1., ct al. (i 986) Science 234:470-474; Sun, X- M., et al.
(1988) J C/in. Invest. 8 i: 1328-1331; MacDonald, 1' 1', et al.
(1990) C/in. Exp. Immunol. 81 :30 I -305). Chimeric murine
anti-hTNa antibodies have undergone clinical testing for
treatment of Crohn's disease (van Dullemen, H. M., et al.
(i 995) Gastroenterology 109: i 29-135). The human antihod-
ies, and antibody portions, of the invention, also ean be used
to treat intestial disorders, such as idiopathic inflammatory
bowel disease, which includes two syndromes, Crohn's dis-
ease and ulcerative colitis. An Íitibody, or anTibody portion,
of the invention also can be administered with one or more
additional therapeutic agents useful in the treatment of intes-
tinal disorders, as discussed fui1er in subsection II.

H. Cardiac Disorders

The antibodies, and antibody portions, of the invention,
also can be used to treat various cardiac disorders, including
ischemia of the hear (see e.g., European Patent Application
Publication No. EP 453 898) and heart insuffciency (weak-
ness ofihe heart muscle)(see e,g., PCT Publication No. WO
94/20139).

I. Others

The antibodies, and antibody portions, of the invention,
also can be used to treat various other disorders in which
TNa activity is detrimentaL. Exaniples of other diseases and
disorders in which TNa activity has been implicated in the
pathophysiology, and thus which can be treated using an
antibody, or antibody portion, of the invention, include

inflammatory hone disorders and hone resorption disease (see
e.g., Bertolini, D. R., et aI. (1986) Nature 319:5 i 6-5 i 8;
Konig,A.,et aI. (1988)J Bone Miner. Res. 3:621-627; Lerner,

U.I.I. and Ohlin, A. (l993)J Bone Miner. Res. 8: 147-155; and

Shankr, G. and Stem, P. H. (1993) Bone 14:871-876), hepa-

titis, including alcoholic hepatitis (see e.g., McClain, C. J. and
Cohen, D. A. (1989) Hepalology 9:349-35 i; Felver, M. E., et
al. (1990) Alcohol. C/in. Exp. Res. 14:255-259; and Hansen,
1., et al. (1994) Hepaiology 20:461-474), viral hepatitis
(Sheron, N., et al. (l991)J HepatoL. 12:241-245; and Hus-
sain, M. 1., ct al. (I 994) J C/in. Patho/. 47: II 12- i I i 5), and
fulminant hepatitis; coagulation disturbances (see e.g., van
der Poll, T, et al. (1990) N. Engl. J Med. 322:1622-1627; and
van der Poll, 1', et al. (1991) Prog. Clin. Bioi. Res. 367:55-
60), bums (see e.g., Giroir. B. P., et al. (1994) Am. J. Physiol.
267:H1 18-124; and Liu, X. S., et al. (1994) Burns 20:40-44),
reperfsion injury (see e.g., Scales, W. E., et al. (I 994) Am..I.
Physio/. 267:G1 122-1127; Serrck, c., et aI. (1994) Trans-
plantation 58: I i 58- i 162; and Yao, Y. M., et al. (1995) Resus-
citation 29:157-168), keloid formation (see e.g., McCauley,
R. L., et al. (1992)J C/in.lmmuno/. 12:300-308), scar tissue
formation; pyrexia; periodontal disease; obesity and radiation
toxicity.

This invention is further illustrted by the following

examples which should not be construed as limiting. The
contents of all referencès, patents and published patent appli-
cations cited thoughout this application are hereby incorpo-

. rated by reference.
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Kinetic Analysis of Binding ofI'Iuman Antibodies to
hTNFa

Real-time binding interactions between ligand (biotiny-
lated recombinant human TNFa (rhTNFa) immobilized on a
biosensor matrix) and anialyte (antibodies in solution) were
measured by surface plasmon resonance (SPR) using the
BIAcore system (Pharmacia Biosensor, Piscataway, N.J.).
The system utilizes the optical properties of SPR to detect
alterations in protein concentrtions witlun a dextra biosen-
sor matrix. Proteins are covalently bound to the dextran

matrix at known concentrations. Antibodies are injected
though the dextran matrix and specific binding between
injected antibodies and immobilized ligand results in an
increased matrix protein concentration and resultant changc
in the SPR signaL. These ch¡inges in SPR signal are recorded
as resonance units (RU) and are displayed with respect to time
along the y-axis of a sensorgram.

To facilitate immobilization ofbiotinylatcd rhTNFaon the
biosensor matrix, streptavidin is covalently linked via free
amine groups to the dextran matrix by first activating car-
boxyl groups on the matrx with 100 mM N-hydroxysuccin-
imide (NS) and 400 mM N-ethyl-N'-(3-diethylaminopro- 25
pyl) carbodimide hydrchloride (EDe). Next, streptavidin is
injected across the activated matrix. Thirt-five microliters of

streptavidin (25 flglml), diluted in sodium acetate, pH 4.5, is
injected across the activated biosensor and free amines on the
protein are bound directly to the activated carboxyl groups. 30
Unreacted matrx EDC-esters are deactivated by an injection
of i M ethanolamine. Streptavidin-coupled biosensor clups

also are commercially available (Pbarmacia BR-1000-16,
Pharmacia Biosensor, Piscataway, N.J.).

Riotinylated rhTNFa was prepared by first dissolving 5.0 .15
mgofbiotin (D-biotinyl-e-aminocaproic acid N-hydroxysuc-
cinimide ester; Boehrnger Maneim CaL. No. 1008 960) in
500 ¡. dimethylsulfoxide to make a IO mglml solution. Ten
microliters of biotin was added per ml of rhTNa (at 2.65
mglml) for a 2: i molar ratio of biotin to rhTNa. The reaction 40
was mixed gently and incubated for two hours at room tem-
perature in the dark. A PD-IO column Sephadex G-25M
(Phannaeia Catalog No. 17-0851-01) was equilibrated with
25 ml of cold PBS and loaded with 2 ml ofrhTNFa-biotin per
colum. The column was eluted with IOxl ml cold PBS. 45
Fnictions were collected and read al 01)280 (1.0 01)= 1.25

mglml). The appropriate fractions were pooled and stored at
_80' C. until use. Biotinylated rhTNa also is commercially
available (R & D Systems Catalog No. FTAOO, Minneapolis,
Minn.).

Biotinylated rhTNFa to be immobilized on the matrix via
streptavidin was diluted in PBS ninnng buffer (Gibco Cat.
No. 14190-144, Gibco BRL, Grand Island, NY) supple-
mented with 0.05% (BlAcore) surlactant P20 (Pharmacia
BR-IOOO-54, Pharmacia Biosensor, Piscataway, N.J.). To 55
determe the capacity ofrhTNa-specific antibodies to bind
immobilized rhTNa, a binding assay was conducted as fol-
lows. Aliquots of biotinylated rhTNa (25 nM; IO fll ali-
quots) were injected thugh the streptavidin-coupled dext-
ra matrx at a flow rate of 5 fllImin. Before injection of the 60
protein and immediately afterward, PBS buffer alone flowed
through each flow cell. The net difference in signal between
baseline and approximately 30 sec. aftercompletion ofbioti-
nylated rhTNFa injection was taken to represent the binding
value (approximately 500 RU). Direct rhTNa-specific anti- 65

body binding to imobilzed biotinylated rhTNa was mea-
sured. Antibodies (20 flglml) were diluted in PBS runnng

buller and 25 fll aliquots were injected through the immobi-
lized protein matrices at a fiow rate of 5 fll/min. Prior to
injection of antibody, and immediately afterwards, PBS
buffer alone flowed through each flow celL. The net difference
in baseline signal and signal after completion of antibody
injection was taken to represent the binding value of thc
paricular sample. Biosensor matrices were regenerated using

1 () mM HCI before injection of thc next sample. To deter-
mine theoffrate (Koff), on rate (Knn), association rate (K,, and

10 dissociaiion rate (Kd) consllnts, BIAcore kinetic evaluation
software (version 2.1) was used.

Representative results of D2E7 (IgG4 full-length anti-
body) binding to biotinylated rhTNFa, as compared to the
mouse mAb MAK 195 (F(ab')2 fragment), are shown below

15 in Table I

TABLE 1

Binding uf D2E7 IgG40r MAK 195 to Bîutiuylated rhTlFo.

20
rhTNFa,

IAb¡. bound, Ab. bound. Koi. sec-I,
nM Rlis Rlls rhTNFoJAb (Avg)

267 373 1215 1.4 8.45 x 10-5
133 420 1569 1.0 5.42 x 10-5

67 434 1633 1.1 4.75 x to-5
33 450 1532 1.19 4.46 x 10-5
17 460 1296 0.98 3.47 x 10-5

8 486 936 0.67 2.63x 10'
4 489 536 0.38 2.17 x 10-'
2 470 244 0.18 3.68x 10-'

(4.38 x 10-')
400 375 881 1.20 5.38 x 10-5
200 400 1080 1.8 4.54 x 10-'
100 419 1141 1.9 3.54 x 10-5

;U 427 1106 1.2 3.67 x 10-5
2; 446 957 I.U~ 4.41 x 10-5
13 4ó4 70R 0.7R 3.66 x 10-5

6 474 433 0.47 7.37 x 10-5

3 451 231 0.26 6.95 x 10"

(4.94 X 10-5)

Antibody

D2E7

MAK 195

In a second series of experiments, the molecular kinetic
interactions between an IgG 1 full-length form of D2E7 and
biotinylated rhTNF was quantitatively analyzed using BIA-
core technology, as described above, and kinetic rate con-
stants were derived, summarized below in Tables 2, 3 and 4.

TABLE 2

App.!ent dissociation rate constants of the inlemetion between
02F.7 and hiotinylatecl rhThF

50 Experiment KJls ')

~.58 x 10-5
9.26 x 10-5
7.60 x 10-5

8.81. 1.06 x 10'Average

TABLE 3

Apparent asocia.tion rate constats of the interation between
D2E7 and biotinylated rhTN

Experiment Ko(M-1.s-')

1.3 x 105

1.05 x 10'
3.36 x 105

1.91 .1.6 x 105

1
2

3
Average



33
US 7,541,031 82

TABLE 4

Apparent kinetic reate and affty constants of D2E7
and biotinylated rhTN'F

Experi-
menl Ka(M-',S-I) KJ(S-I) K,,(M)

1 1.3 x 10' 9.58 x 10-' 7.20 x 10-10
2 1.05 x 10' 9.26 x 10-' 8.82 x 10-10
3 3.36x 10' 7.60 x 10-5 2.26 x 10 10 10

Average i.91 ~ 1.6 x 10' 8.81. ).06 x 10-' 6.09 .3.42 x 10-'0

Dissociation and association rate constants were calculated
by analyzing th~ dissociation and association regions of the i 5
sensorgrams by BIA analysis software. Conventional chemi-
cal reaction kinetics were assumed for the interaction
between 02E7 and biotinylated rhTNF molecule: a zero
order dissociation and first order association kineiics. For the
sake of analysis, interaction only between one arm of the 20
bivalent 02E7 antibody and one unit of the treric biotiny-

lated rhTN was considered in choosing molecular models

for the analysis orthe kinetic data. Thee independent experi-
ments were performed and the results were analyzed sepa-
rately. The average apparent dissociation rate constant (kd) of 25
ihe interaction between 02E7 and biotinylated rhTNF was
8.8l::I.06 x10-5 s-J, and the average apparent association

rate constant, ka was I.91:iI.26xI05 M-' çl The apparent
intrinsic dissociation constant (Kd) was then calculated by the
formula: Kd=kjka' Thus, the mean Kd ofD2E7 antibody for 30
rhTN derived from kinetic parameters was 6.09:!3.42x 10-10
M. Minor diJr~r~nces in the kinelic valu~s for the IgG i lorm
ofD2E7 (presented in Tables 2,3 and 4)and the JgG4 form of
D2E7 (presented in Table I and in Examples 2 and 3) are not
thought to be tre differences resulting from the presence of 35

either an IgG I or an IgG4 constant regions but rather are
thought to be attbutable to more accurate antibody concen-

tration measurements used for the IgG i kinetic analysis.
Accordingly, the kinetic values for the IgG i form of D2E7
presented herein are thought to be the most accmate kinetic 40
parameters tor the D267 antibody.

EXAMPLE 2

Alanine Scanning Mutagenesis otD2E7 CDR3
Domains

A series of single alanine mutations were introduced by
standard methods along the CDR3 domain of the D2E7 VL
and the D2E7 VII regions. The light chain mutations are 50
illustrated in FIG. 18 (LD2E7*.AI, LD2E7*.A3,
LD2E7*_A4, LD2E7*.A5, LD2E7*.A7 and LD2E7*.A8,
having an alanine mutation at position 1, 3, 4, 5, 7 or 8,
respectively, of the D2E7 VL CDR3 domain). The heavy
chain mutations are ilustrated in FIG. 2B (HD2E7*.Al, 55
HD2E7*A2, HD2E7*.A3, HD2E7*,A4, HD2E7*A5,
HD2E7*.A6, HD2E7*.A7, HD2E7*.A8 and H02E7*.A9,
having an alanine mutation at position 2, 3, 4,5,6,8,9, i 0 or

11, respectively, of the 02E7 VH CDR3 domain). The kinet-
ics of rhTNa interaction with an antibody composed of 60

wild-type 02E7VL and VH was compared to that of antibod-
ies composed of I) a wild-type D2E7 VL paired with an
alanine-substituted 0267 VH; 2) a wild-type 02E7 VH
paired with an alanie-substituted D2E7 VL; or 3) an alanine-
substituted D2E7 VL paired with an alane-substituted 65
D2E7 VH. All antibodies were tested as full-length, IgG4
molecules.

34
Kinetics ot interaction of antibodies with rhTNa was

determined by suiface plasmon resonance as described in
Example i. The Kaffraies for the different VHNL pairs are
sumarized below in Table 5:

TABLE 5

Binding of D2E7 Altinine-Sci Mutants to Biotinylated rhTNa

VH KoJ7 (sec-I)

9.65 x 10-'
1.4 x 10-4
4.6 x 10-4

8.15xl0-4
1.8 x io-.i

2.35 x 10-4
2.9 x 10-4
L.U X 10-4
).1 X 10-4
R.l x 10-4
6.6xlO'

NOT DETECTABLE
1.5 x 10""

1.8 x 10""
l.4xl0""

3.65 x 10""
1.05 X 10""

VL

D2E7 VH
HD2E7*.AI
HD2E7*.A2
HD2E7'.A3
HD2E7*.A4
HD2E7*.A5
HD2E7*.A6
I!U2E7*.A 7
HD2E7*.A8
HD2E7*.A9
D2E7VH
D2E7VH
D2E7VH
D2E7VH
D2E7VH
D2E7VH
HD2E7".A9

D2E7 VL
D2E7 VL
D2E7 VL
D2E7 Vi.
D2E7 VL
D2E7 VL
D2E7 VL
U2E7 Vi.
D2F.7VI.
D2F.7VI.
LD2E7*.AJ
LD2E7*.A3
LD2E7*.A4
LD2E7*.A5
LD2E7*.A7
LD2E7*.A8
LD2E7".Al

These results demonstrate that the majority of positions of
the COR3 domains of the D2E7 VL region and VH region are
amenable to substitution with a single alanine residue. Sub-
stitution ofa single alanine at position 1,4,5, or7 of the 02E7
VL CDR3 domain or at position 2, 5, 6, 8, 9 or 10 ofthe D2E7
VH COR3 domain does not significantly affect the off rate of
hTNu binding as compared to the wild-type parental D2E7
antibody. Substitution of alanine at position 8 ofthe 02E7VL
CDR3 or at position 3 of the 02E7 VH CDR3 gives a 4-fold
faster Koffand an alanine substitution at position 4 or II of

D2E7 VH COR3 gives an 8-fold faster KaJ! indicating that
these positions are more critical for binding to hTNa. How-
ever, a single alanie substituiion at position I, 4, 5, 7 or 8 of
the D2E7VLCOR3 domain orai position 2, 3, 4, 5, 6, 8, 9,10
or II otthe D2E7 VH CDR3 domain still results in an anti-
hTNfu antibody having a Koffof i xi 0--' sec-lor less.

EXAMPLE 3

45 Binding Analysis of D2E7 -Related Antibodies

A series of antibodies related in sequence to 02E7 were
analyzed for their binding to rhTNFa, as compared to D2E7,
by suiface plasmon resonance as described in Example 1. The
amino acid sequences of the VL regions tested are shown in
FIGS. lA and lB. The amino acid sequences of the VH
regions tested are shown in FIGS. 2A and 28. The Koffrates
for varous VHNL pairs (in the indicated format, either as a
full-lengt IgG i or IgG4 antibody or as a scFv) are summa-
rized below in Table 6:

TARLE 6

Binding of D2E7-Related Antibodies to Biotinvlated rhTNo.

VH VL Formt Kag(sec-')

D2E7VH D2E7VL IgG1 ngG4 9.65 x 10-'
VHl-D2 LOE7 tgGl/IgG4 7.7x 10-'

VHI-D2 LOE7 scFv 4.6 x 10..
VHI-D2.N LOE7.T tgG4 2.1 x 10-'
VHI-D2.Y LOE7.A IgG4 2.7x 10-'
VH1-D2.N LOE7.A IgG4 3.2 x 10-'
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TABLE 6-continued

Binding of D2E7-Relstcd Antibodies 10 Biotinylated rhTNfo

VII Vi. Format Kog(sec-')

VHI-D2 EP B12 scFv 8.0 x 10-4
VHI-D2 2SD4 VL scFv 1.94 x 10-3
3C-H2 1.0E7 scFv 15 x 10-3

2SD4 VH LOE7 scFv 6.07 x 10-3
2SD4 VH 2SD4 VL scFv 1.7 x IO-i
VHIAll 2SD4 VL scFv 1.4 x 10-i

VHIBI2 2SD4 VL scFv 1.01 x 10-i
VH1BJI 2SD4VL scFv 9.8 x 10-3
VH1E4 2SD4 VL scFv 1.59 x 10-2
VHIF6 2SD4 VL scFv 2.29 x 10-i
VHlD8 2SD4 VL scFv 9.5 x 10-3
VHIOI 2SD4 VL scFv 2.14x 10-i

2SD4 VII El'1J12 scFv 6.7 x 10-3
2SJ) VH VLlOF.4 scFv 9.6 x 10-3
2SJ) VH VI.IOOA9 scFy 1..1J x 10-2
2SD4 VH VLI00D2 scFv 1.41 x 10 i
2SD4 VH VUOF4 scFv 1.1 I x 10 1
2SD4 VH VLLOE5 5cFv i. 16 x 10-1
2SD4 VH VLLOF9 scFv 6.09 x 10-'
2SD4 VH VLLOFIO si:Fv 1.4 x 10-'

2SD4 VH VLL007 scFv 1.56 x 10-'
2SD4VH VLL009 5cfv 1.46 x 10-2
2SD4VH VLLOHI scFv 1. 7 x 10-2
2SD4VH VLLOHlO scFv 1. 2 x 10-2
2SD4 VH VUB7 scFv 1. x 10-2

2SD4VH VLICI scFv 1.6 x 10-2

2SD4VH VUC7 scFv 2.0 x 10-2
2SD4VH VLO.IF4 scFv 1.6 x 10-2

2SD4VH VLO.IH8 scFv 1.4 x 10-2

The slow off rates (i.e., Ko.,1 xl 0-4 sec.') for full-length

antibodies (i.e., 19G format) having a VL selected from D2E7,
LOE7, LOE7.T and LOE7.A, which have either a thconinc
or an alanine at position 9, indicate that position 9 of the D2E7 3'
VL CDR~ can be occupied by either of these two residues
without substantially affecting the Koff Accordingly, a con-
sensus motif for the D2E7 VL CDR3 comprises the amino
acid sequence: Q-R-Y-N-R-A-P-Y-(T/A) (SEQ ID
NO: 3). Furermore, the slow off rates (i.e., Koßlxl0-4 40
sec-i) for antibodies having a VH selected from D2E7, VHi-
D2.N and VHI -D2.Y, which have either a tyrosine or an
asparagine at position 12, indicate that position 12 of the
D2E7 VH CDR~ can be occupied by either of these two
residues without substantially affecting the Koff Accordingly, 45
a consensus motif for the D2E7 VH CDR3 comprises the
amino acid sequence: V-S- Y-L-S- T-A-S-5-L-D-(Y/N)
(SEQ ID NO: 4).

The results shown in Table 6 demonstrate that, in sclv
format, antibodies containing the 2SD4 VL or \11 CDR3 50
region exhbit a faster Ko.f(i.e., KoF i x i 0.3 sec.') as com-
pared to antibodics containing Ù1e D2E7 VL or VH CDR3
regon. Within the VL CDR3, 2SD4 differs from D2E7 at
positions 2,5 and 9. As discussed above, however, position 9
may be occupied by Ala (as in 2SD4) or Th (as in D2E7) 55
without substantially afecting the Koff Thus, by comparison
of2SD4 and D2E7, positions 2 and 5 ofthe D2E7 VL CDR3,
both arginines, can be identified as being critical for the
association of the antibody with hTNa. These residues
could be directly involved as contact residues in the antibody 60
binding site or could contrbute critically to maintainig the
scaffolding architecture of the antibody molecule in this
regon. Regarding the importance of position 2, replacement
of Ar (in LOE7, which has the same VL Cl)R3 as i)2E7)

with Lys (in EP B12) accelerates the off rate by a factor of 65
two. Regarding the importance of position 5, replacement of
Arg (in D2E7) with Ala (in LD2E7*.A5), as described in
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Example 2, also accelerates the otf rate TWo-fold. Further-
more, without either Arg at positions 2 and 5 (in 2SD4), the
off rate is five-fold fastcr. Howevcr, it should bc noted that
although position 5 is important for improved bindiog to

5 hTNa., a change attrus position can be negated by changes
at other positions, as seen in VLLOE4, VLLOi- or
VLO.lH8.

With the VH CDR3, 2SD4 differs from D2E7 at positions

10 1,7 and i 2. As discussed above, however, position i 2 may beoccupied by Asn (as in 2SD4) or Tyr (as in D2E7) without
substantially affecting the Koff Thus, by comparson of2SD4
and D2E7, positions i and 7 of the D2E7 VH CDR3 can be
identified as being critical for binding to hTNla. As dis-

15 cussed above, these residues could be directly involved ascontact residues in the antibody binding site or could contrb-
ute critically to maintaining the scaffolding architecture of the
antibody molecule in this region. Both positions arc impor-
tant for binding to hTNFo. since when the ~C H2 VH CDR~

20 (which has a valine 10 alanine change at position 1 withrespect to the D2E7 VH Cl)R3) is used, the scFv has a 3-fold
faster off rate than when the D2E7 VH CDR3 is used but this
off rate is still four times slower than when the 2SD4 VH
CDR3 is used (whicb has changes at both positions! and 7

25 with respect to the D2E7 VH CDR3).

EXAMPLE 4

Functional Activity of D2E7

30
To examine the functional activiiy of D2E7, Ù1e antibody

was used in several assays that measure the ability of the
antibody to inhibit hTNFa activity, eiÙ1er in vitro ur in vivo.

A. Neutralization of TNFa-lnduced Cytotoxicity in L929
Cells

Human recombinant TNFu (rhTNFu) causes cell cytolox-
icity to munne L929 cells after an incubation period of i 8-24
hours. Human anti-hTNa antibodies were evaluated in
L929 assays by coincubation of antibodies with rbTNa and
the cells as follows. A 96-well micro titer plate containing 100

III of anti-hTNFa Abs was serially diluted 'h down the plate
in duplicates using RPMl medium containing 10% fetal
bovine serum (FBS). Fift microliters ofrhTNFa was added
for a fial concentration of 500 pg/m! in each sample well.

The plales were Ù1en incubated for 30 minutes at room tem-
perature. Next, 50 III of TN Fa-sensitive L929 mouse fibro-
blasts cells were added fur a fial concentration of5x i 04 cells
per welL, including i ¡ig/m1 Actinomycin-D. Controls

included medium plus cells and rhTNla plus cells. These
controls, and a TNFa standard curve, ranging from 2 ng/ml to
8.2 pg/ml, wcrc used to dctcrmic thc quality of the assay and
provide a window of neutralization. lbe plates were then
incubated overnight (IR-24 hours) at ~7° C. in 5% CO2,

One hundred microliters of medium was removed from
each well and 50 III of 5 mg/ml 3,(4,4-dimethylthiazol-2-yl)
2,5-diphenyl-tetrazolium bromide (MIT; commercially
available from Sigma Chemical Co., St. Louis, Mo.) in PBS
was added. The plates were then incubated for 4 hours at 37°
C. Fifty microliters of 20% sodium dodecyl sulfate (SDS)
was then added to each well and the plates were incubated
overnight at 37° C. The optical density at 570/630 nm was
measured, curves were plotted Jor each sample and lCsos
were determined by standard methods.

Representative results for human antibodies having vari-
ous VL and VH pairs, as compared to the murine MAK 195
mAb, are shown in FIG. 3 and in Table 7 below.
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TABLE 7

Neutra.lization ofTl\Fci-Enduced L!J29 Cytotoxicity

VH VL Stnicnire IC,o,M

02E7 02E7 scry 1.1 x 10-10
D2E7 02E7 IgG4 4.7 x 10-1 i
2SD4 2SD4 scFvllgGIIlgG4 3.0 x 10-7
2SD4 LOE7 scFv 4.3 x 10-8
VHI-02 2SD4 scFv 1.0 x 10-8
VHI-02 LOE7 scFv/lgGlilgG4 3.4 x 10-10
VHL.02.Y LOE7.T IgG4 8.1 x 10-11
VHI-02.N LOE7.T IgG4 1.3 x 10-10
VHI-02.Y LOE7.A Il'G4 2.8 x 10-11
VHI-02.N LOE7.A IgG4 6.2 x 10-1 i
MAK 195 MAK 195 scFv 1.9 x 10-8
MAK 195 MAKl95 FIKb'), 6.2 x 10-11

The rcsults in FIG. 3 and Table 7 demonstrate that ihe D2E7
human anti-hTNa. antibody, and various D2E7-related anti-
bodies, neutralize TNFa-induced L929 cytotoxicity with a
capacity approximately equivalent to that of the murine anti-
hTNFa mAb MAK 195.

In another series of experiments, the ability of the IgG i
form ofD2E7 to neutralize TNa-induced L929 cytotoxicity
was examined as described above. The results from three
independent experiments, and the avernge thereof, are sum-
marized below in Tahle 8:

TABLE 8

Neutralization ofTNFci-lnduced L929 Cytotoxicity by D2E7 IgGl

Experiment IC,o(MI

1

2
3

Average

1.26 X 10-10
1.33 X 10-10
1.5 X 10-10

1.5.0.01 x 10-10

This series of experiments confrmed that D2E7, in the
full-length IgG 1 form, neutralizes TNa-induced L929 cyto- 40
ioxicity with an average ICso (MJ of I .25:!0_OI x 10-1°.

B.Inhibition ofTNFa Binding to TNa Receptors on U-937
Cells

The ability ofhuOlan anti-hTNFu antibodies to inhbit the
bindingofhTNFu 10 hTNFu rcceptors on the surfacc of cells
was examined using the U-937 cell line (ATCC No. CRL
1593), a human histiocytic cell line that expresses hTNFa
receptors. U-937 cells were grown in RPMI 1640 medium
supplemented with 10% fetal bovine serum (Ilyclone 50
A-I I II, Hyclone Laboratories, Logan, Utah), L-glutamine (4
nM), HEPES buffer solution (10 mM), penicillin (100 Ilglml)
and strptomycin (100 Ilglml). To examine the activity of
full-lcngth IgG antibodies, U-937 cells were preincubated
with PBS supplemented with I mglml of human IgG (Sigma 55

I -4506, Sigma Chemical Co., St. Louis, Mo.) for 45 minutes
on ice and then cells were washed three ties with binding
buffer, For the receptor binding assay, U-937 cells (5xl06
cells/well) were incubated in a binding buffer (pBS supple-
mented with 0.2% bovine serum albumin) in 96-well micro- 60
titer plates (Cost~r 3799, Costar Corp., Cambridge, Mass.)
together with 12sl_labeled rhTNFa (3xIO-JO M; 25 IlCi/ml;
obtained from NEN Research Products, Wilmingion, DeL.),
with or without anti-hTNFa antibodies, in a total volume of
0.2 ml. The plates were incubated on ice for 1.5 hours. Then, 65
75 III of each sample was transferred to i,o ml test tubes
(Sarstedt 72.700, Sarstedt Corp., Princeton, N.J.) containing
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dibutylphthalate (Sigma 0-2270, Sigma Chemical Co., St.
Louis, Mo.) and dinonylphthalate (ICN 210733, ICN, Irvine,
Calif.). The test tubes contained a 300 ¡Ll mixture of dibu-
tylphthalate and dinonylphthalate, 2: I volume ratio, respec-
tively. Free (i.e., unbound) 12sl_labeled rhTNFa was removed
by microcentrfugation for five minutes. Then, each test tube
end containing a cell pellet was cut with the aid of a microtube
scissor (Bel-Ar 210180001, Bel-Ar Products, Pequanock,
N.J.). The cell pellet contains 121-laheled rhTNa bound to

10 the p60 or p80 TNa receptor, whereas the aqueous phase
above the oil mixture contains excess free i "I-labeled rhT-
NFa. All cell pellets were collected in a counting tube (Falcon
2052, Becton Dickinson Labware, Lincoln Park, N.J.) and
counted in a scintillation counter.

15 Representativc results arc shown in FIG. 4. "1ie ieso value
for 1)2E7 inhibition ofhTNFa binding to hTNFa receptors
on U-937 cells is approximately 3xlO-io M in these experi-
ments. These results demonstrate that the D2E7 human anti-
hTNa antibody inhibits rhTNl'a binding to hTNFa recep-

20 tors on U-937 cells at concentrations approximately

equivalentto that of the murine anti-hTNa mAb MAK 195.
In another series of experiments, the ability of the IgG I

form ofD2E7 to inhbit rhTNFa binding to hTNFa receptors
on U-937 cells was examned as described above. The results

25 from three indcpcndent experiments, and the average thereof,
are summarized below in Table 9:

TABLE 9

30 Inhibition ofTNF Receptor Binding on U-937 Cells by D2E7 19Ut

Experiment lC,01M1

15

I
2
3

Average

1.70 x 10-10

1.49 x 10-10
1.50 x 10-10

1.56.0.12x lO-lO

This series of experiments confirmed that D2E7, in the
full-lengt IgGI form, inhibits TNF receptor binding on

U-937 cells with an average IC.;o (MJ of 1.56:t0. 12x10-10
To investigate the inhibitory potency ofD2E7 in the bind-

ing of 121-rhTNF binding to individual p55 and p75 recep-
tors, a solid phasc radioimmunoassay was performed. To
measure the IC.;o values of D2E7 for sep~rate TNF receptors,

45 varing concentrations of thc antibody were incubated with

3x 10- i 0 concentration of 1251 -rhTNF. .Ibe mixture was thcn
tested on separate plates containing either the p55 or the p75
TNF receptors in a dose dependent manner. The results are
swniarized below in Table 10:

TABLE 10

lnibitioD ofTN Receptor Binding to p55 and p75 TNFR
bv D2E1 tboG 1

lC,o(M1

Reagent p55TNFR

1.47 x 10-9
2.31 x 10-9

p 75TNFR

1.6 x 10-9

2.70 x 10-9
02E7
rhTN

Inhihition of 121-rhTNF hinding to the p55 and p75 TNF
rcceptors on U937 cells by D2E7 followed a simple sigmoidal
cine, indicating similar ICso values for each receptor. In the

solid phase radioimmunoassay (RIA) experiments with
recombinant TN receptors, ICso values for inhibition of
125I-rhTN binding to the p55 and the p75 receptors by
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D2E7werecaicuiatedas 1.47xlo-9and 1.26xIO-9M,respec-
tively. The decrease in ICso values in the solid phase was
pro bably due to higher density of receptors in the RlA format,
as unlabeled rhTNF also inlbited with similar ICso values.
The ICso values for inhibition of 121-rhTNF binding to the
p55 and the p75 receptors by unlabeled rhTN were 2.31 x
i 0-9 and 2. 70x 1 0-9 M, respectively

C. Inhibition of ELAM-I Expre~~iun on HU\iEC
Hwuan wnbilical vein endothelial cells (HUEC) can be 10

induced to express endothelial cell leukocyte adhesion mol-
ecule i (ELAM-I) on their cell-surface by treatment with
rhTNfa, which can be detected by reacting rhTNl'a-treated
HUVF,C with an mouse anti-human Er .AM- i antibody. The
ability ofhumananti-hTNFa antibodies 10 inhibit tliis TNFa- i 5
induced expression ofELAM-1 on HUEC was examined as
follows: HUVEC (AlCC No. CRL 1730) were plated in
96-well plates (5x10" cells/well) and incubated overnight at
370 C. The following day, serial dilutions of human anti-
hTNa antibody (1: 10) were prepared in a microtiter plate,
starting with 20-100 flg/ml of antibody. A stock solution of 20
rhTNFa was prepared at 4.5 ng/ml, aliquots of rhTNFa were
added to each antibody-containing well and the contents were
mixed well. Controls included medium alone, medium plus
anti-hTNa antibody and medium plus rhTNa. The
HUVEC plates were removed from their overnight incuba- 25
tion at 37° C. and the medium gently aspirated from each
well. Two hundred microliters of the aniibody-rhTNFa mix-
ture were.trdnslerred to each well ollhe HUEC plaie~. The
HUVC plates were then furter incubated at 37° C. for 4
hours. Next, a murine anti-ELAM-I antibody stock was 30
diluted l:lOOO in RPMJ. The medium in each well of the
!-IUJVEC plate was gently aspirated, 50 fÙ/weli of the anti-
ELAM- I antibody ~olution was added and the HUEC plates
were incubated 60 minutes at room temperature. An 12sl_

labeled anti-mouse Ig antibody solution was prepared in
RPMl (approximately 50,000 cpm in 50 JlI). TIie medium in 15
each well of the HUC plates was gently aspirated, the
wells were washed twice with RPMl and 50 JlI of the 121_
labeled anti-mouse Ig solution was added to each welL. lbe
plates were incubated for one hour at room temperature and
then each well was washed three times with RPMI. One 40
hundred eighty microlitcrs of5% SDS was added to each well
to lyse the cells. 'l1ie cell lysate from each well was then
transferred to a tube and counted in a scintillation counter.

Representative results are shown in FIG. 5. The I(;so value
for D2E7 inhibition of hTNFa-induced expression of 45
ELAM-I on HUVC is approximately 6xI0-" M in these
experiments. These results demonstrate that the D2E7 human
anti-hTNa antibody inhibits the hTNFa-induced expres-
sion ofELAM-I on !-IUEC at concentrations approximately
equivalent to that of the murine anti-hTNa mAb MAK 195. 50

In another series of experiments, the ability of the IgGI

form of D2E7 to inlbit hTNFa-induced expression of

ELAM -Ion HUC wa~ examined a~ descri bed above. The
resulls from three independent experiment~, and the average
thereof, are summarized below in Table Ii:

TABLE i i

hilibiiion ofTNFa.lnduced ELAM~l Expression
by D2E7 tgG J Receptor

Experiment ICso(Ml

I

2
3

Average

1.95 x 10-10
1.69 x 10-10
1.90 x 10-10

1.85 % 0.14 x 10-10

40
This series of experiments confirmed that D2E7, in the

full-length IgGI form, inlbits TN fa-induced ELAM-I
expression on HUC with an average ICso 1M) of
L.85:!O.14xlO-Io.

The neutralization potency ofD2E7 IgG I was also exam-
ined for the rhTNI' induced expression of two other adhesion
molecules, ICAM-I and VCAM-L. Since the rhTN titration
cure forICAM-I expression at i 6 hours was very similar to
the curve of F.! ,AM- I expression, the same concentration of
rhTNF wa~ u~ed in the æiiibuùy neutralization experiment~.
'lie HUVEC were incubäteù with rhTNF in thc presence of
varing concentrations ofD2E7 in a 37" C. CO2 incubator for
16 hours, and the ICAM- i expression was measured by
mouse antI-ICAM-I antibody followed by · 

251-labeled sheep

anti-mouse antibody. Two independent experiments were
performed and the ICso values werc calculated. An unrelated
human IgG I antibody did not inlbit the ICAM-l expression.

The experimental procedure to test inhibition ofVCAM-1
expression was the same as the procedure for ELAM-l
expression, except anti-VCAM-I MAb was used instead of
anti-ELAM-l MAb. Thee independent experiments were
performed and the ICso values were calculated. An unrelated
human IgGI antibody did not inhibit VCAM-I expression.

The results are smnarized below in Table 12:

'JABLE 12

tnhibition oflCAM-l and VCAM-l Expression byD2E71gGl

ICAM.l Inhibition lC,n(Ml

Experiment Experiment tCsofMlICso(MI

1.84 x 10-10

2.49 x 10-10
t

2
3

Average

1.03 x 10-10
9.26 x 10-1.
1.06 x 10-10

LOt %0.01 x to-IOAverage 2.17 % 0.46 x 10-.0

These experiments demonstrate that treatmeni of primary
human umbilical vein endothelial cells with rhTNF led to
optimum expression of adhesion molecules: ELAM-I and
VCAM- i at four hours, and the maximum up-regulated
expres~ion of ICAM-I al i 6 hours. 1)2E7 wa~ able to inhibit
the expression of the three adhesion molecules in a dose
dependent maÎ1er. The lCsu values for the inhibition of
ELAM-l, ICAM-l andVCAM-I were 1.85xlO-1u, 2. 17x10-
lO and 1.01x10-lo M, respectively. These values are very
similar, indicating similar requirements forthedose ofrhTNF
activation signal to induce ELAM-I, !CAM-I and VCAM-l
expression. Interestingly, D287 was similarly effective in the
longer inhibition assay of the the ICAM-I expression. The
ICAM-l inlbition assay required 16 hours of co-incubation
of rhTN and D2E7 with HUVEC as opposed to 4 hours
required for the ELAM-I and the VCAM-I inlbition assays.
Since D2E7 has a slow off-rate for rhTN, it is cODceivable

that during the 16 hour co-incubation period there was no
55 signficant competition by the TNF reccptors on the HUVEC.

I). In Vivo Neutralization ofhTNFuZ
Thee di1ferent in vivo sy~tem~ were used to demonstrate

that 1)2E7 is eifective at inhibiting hTNFu activity in vivo.
\. Inhibition of TNF-Induced Lethality in D-Galac-

to~amine-Sensitized Mice
Injection ofrecombinant human TNu (rhTNa)to D-ga-

lactosamine sensitized mice causes lethality within a 24 hour
time period. TNFa neutralizing agents have been shown to

65 prevent lethality in this modeL. To examine the ability of
human anti-h TNa aDtibodies to neutralize h TNa in vivo in
this model, C57BI/6 mice were injected with varying con-

60

I.
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centrations ofD2E7-IgGl, or a control protein, in PBS intra-
peritoneally (i.p.). Mice were challenged 30 minutes later
with I J!gofrhTNFa and 20 mg ofD-galactosamine in PBS
i.p., and observed 24 hours later. These amount of rhTNa
and D-galactosamine were previously determined to achieve
80-90% lethality in these mice.

Representative results, depicted as a bar grdph of % sur-
vival vcrsus antibody conccntration. arc shown in FIG. 6. Thc
hlack hars represent f)2F.7, whcrcas the hatched hars repre-
sent MAK 195. Injection ol2.5-25 J!g ofD2E7 antibody per
mouse protected the animals from TN Fa-induced lelhalily.
The EDso value is approximately 1-2.5 J!glmouse. The posi-
tive control antibody, MAK 195, was similar in its protective
ability. Injection ofD2E7 in the absence ofrhTNa did not
have any detrimental effect on the mice. Injection of a non- 15
specific human IgG I antibody did not offer any protection
from TNa-induced Icthlity.

In a second experiment, fort-nine mice were divided into
7 equal groups. Each group received varing doses of D2E7
thirty minutes prior to receiving an LDgo dose of rhTNF/D- 20
galactosamine mixture (1.0 J!g rhTNF and 20 mg D-galac-
tosamine per mouse). Control group 7 received normal

human IgG i kappa antibody at 25 J!glmouse dose. The mice
were examined 24 hours later. Survival for each group is
sumarized below in Table 13.

TABLE 13

24 Hour Surival Afer Trennent with D2E7

Group Surival (alive/total) Surival ('Y)

1 (no antibody)
2 (1 ¡i)
3 (2.6¡ig)
4 (5.211g)
5 (26¡ig)
6 (26 ¡ig; no rhTNF)
7 (25¡ig Hu ¡gOl)

o
t4
71
R6
86

100
14

on
in
5n
fin
6i7
7i7
Ii7

II. Inhibition ofTN-lnduced Rabbit Pyrexia
The effcacy ofD2E7 in inibiting rhTNF-induced pyrexia

response in rabbits was examined. Groups of thee NZW
female rabbits weighing approximately 2.5 kg each were
injected intravenously with D2E7, rhTN, and immune com-
plexes ofD2E7 and rhTN. Rectal temperitures were mea-
sured by thermistor probes on a Kaye thermal recorder every
minute for approximately 4 hours. Recombinant human TNF
in saline, injected at 5 ¡iglkg, elicted a rise in temperatue
greater than 0.4° C. at approximately 45 minutes after injec-
tion. The antibody preparation by itself, in saline at a dose of
138 ¡iglg, did not elicit a rise in temperature in the rabbits up
to 140 minutes after admnistration. In all further experi-
ments, D2E7 or control reagents (human IgGI or a sal inc
vehicle) were injected i.v. into rabbits followed 15 minutes
later by an injection ofrhTNF in saline ai5 ¡iglkg i.v. Repre-
sentative results of several experiments are summarized
below in Table 14:

TABLE 14

Inibition ofrhTN-induced Pyrexia with DlE? in Rabbits

D2E7 Temp. rise") :: C. Peak Temp.

dose rhlNF + Molar Ratio minutes

(¡iglkg) rhTN D2E7 %lnhib... D2E7:rliTN post rliTNF

14 0.53 0.25 53 t fiO 65

24 0.43 0.13 70 1.6 40

TABLE 14-continucd

Inhibition of rhTNf-induced Pyrexia with lJ2E7 in Rabbits

mE7 Temp. risc- . 0 C- Peak Temp.

dose rhTNF + Molar Raiio minutcs
I~gikg) rhTNF mE7 % Inhib.-- D2E7:rhTl\F post rhTNF

48 0.53 0.Q 94 3.3 50
10 137 0.53 0.00 100 9.5 60

792 0.80 0.00 100 55 60

.= Peak tempcrarure

..= % inhibition - (l - l t~mp~raiure riSt wiui rhTNF & D2E7iteiiperatl.
rise with rhTN aloneJ) x 100.

Intravenous pretreatment with D2E7 at a dose of 14 ¡iglg
parially inhbited the pyrogenic response, compared to rab-

bits pre-treated with saline alone. D2E7 administered at 137
¡iglkg totally suppressed the pyrogenic response of rh TNF in
the same experiment. In a second experiment, D2E7 admin-
istered at 24 ¡iglg also parially suppressed the pyrogenic

response, compared to rabbits pretreated with saline alone.
The molar ratio of D2E7 to rhTNF was 1/6: i in this experi-
ment. In a third experiment, D2E7 injected i.v. at 48 ¡iglkg

25 (molar ratio D2E7:rhTN=3.3: i) totally suppressed the pyro-
genic response, compared to rabhits pretreated with the con-
trol human IgG i in saline at 30 ¡iglg. In the final experiment,
rabbits pretreated with D2E7 (792 ¡iglg) at a very high molar
ratio to rhTNF (55: i) did not develop any rise in temperatue

30 at any time up to 4 hours of observation. Treatment of rabbits
with imune complexes generated from a mixte of D2E7
and rhTN incubated at 370 C. for i hour at a molar ratio of
55: I. without subsequcnt rhTNF administration, also did not
elicit any rise in temperature in the same experiment.

JI. Prevention of Polyarthrtis in Tgl97 Transgenic Mice
'¡be effect of 02E7 on disease development w~s investi-

gated in a transgenic murine model of arthritis. Transgenic
mice (TgI 97) have been generated that express human wild
type TNF (modified in the 3' region beyond the coding

40 sequences) and these mice develop chrnic polyarhrtis with

100% incidence at 4-7 weeks of age (see EMBO J (1991)
10:4025-4031 for further description ofthc Tgl97 model of
polyarthritis).

Transgenic animals were identified by PCR al3 days of age
45 Liners of transgenic rrce were divided into six groups.

Transgenic mice were verified by slot-blot hybridization
analysis at 15 days of age. The treatment protocols for the six
grups were as follows: Group l=no treatment; Group
2=saline (vehicle); Group 3=D2E7 at 1.5 ¡iglg; Group

50 4=D2E7 at 15 ¡iglg; Group 5=D2E7 at 30 J!glg; and Group
6=lgG I isotype control at 30 ¡iglg. A liner with non trans-
genic mice was also included in the study to serve as a control

(Group . 7 nontransgenic; no treatment). Each group
received three i.p. injections per week ofthe indicated treat-

55 ments. Injections continued for lO weeks. Each week, mac-
roscopic changes in joint morphology were recorded for each
animaL. At lO weeks, all mice were sacrificed and mouse
tissue was collected in formalin. Microscopic examination of
the tissue was performed.

Animal weight in grms was taken for each mouse at the
start of each week. At the same time measurements of joint
size (in mm) were also taken, as a measurement of disease
severity. Joint size was established as an average of three
measurements on the hind right anle using a micrometer
device. Arhritic scores were recorded weekly as follows:

O=No arhrtis, (normal appearance and flexion); +=rrld
arthritis Joint distortion); ++=moderate arthrtis (swelling.

35

60
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joint deformation) and +++=heavy arthriti, (ankylo,i,
detected on flexion and severely impaired movement). His-
topathological scoring based on haematoxylin/eosin staining
of joint sections was based as lollows; O=No detectable dis-
ease; i =proliferation of the synovial membrane; 2=heavy
synovial thickening 3=cariilage destruction and bone ero-
sion.

The effect of02E7 treatment on the mean joint size of the
Tgl97 trnsgenic arthritic mice is shown in the graph of FIG.
9. The histopathological and arttic scores of the Tgl97

transgenic mice, at 11 weeks of age, are summarized below in
Table 15:

TABLE 15

Eflecr of D2F.7 on lTistopathology and Arritìc Score in Tg197 Mice

Group Treatment Histopathological Score Arritic Score

I none 3 (7no +++ (717)
2 saline .1 (R/R) +++ (RR) 20
6 IgG I contrl 3 (9/9) +++ (7/9)
3 D2E7 .t 1.5 ~glg o (6/8) o (8/8)

4 D2E7 .t 15 ~g!g o (7/8) o (8/8)

5 D2E7 at 30 ~glg o (8/8) o (8/8)

This experiment demonstrated that the 02E7 antibody has 25
a defite beneficial effect on transgenic mice expressing the

wild-type human TNF (TgI97) with no arthritis after the
study period.

02E7 Neutralization ofTNFas from Othcr Specics 30
The binding specificity of02E7 was examined by measur-

ing its ability to neutralize tumor necrosis factors from vari.
ous primate species and from mouse. using an L929 cytotox-
icity assay (as describcd in Examplc 4, subsection A, abovc).
The re,ult, are summarized in Tahle 16 below:i5

TABLE 16

Ability of D2E7 to Neutralize TNF from
Different Species in the J .929 Assay

TNFa." Source
ICso for D2E7

Neutralization (M)....

7.8 x 10-11
5.5 X 10-11
6.0 x 10.11
4.0 x to-IO
8.0 x 10-11
3.0 X 10-1 i
2.2 x 10-10
1.0 x 10-'

~1.0 X 10-'

Human
Chimpanzee
baboon
marmoset
cynomolgus
rhesus
canine
porcine
murine

Recomhinant
LPS-stimuJaicd PBMC
Recombinant
LPS-srimuJatcd PBMC
LPS-siimulatcd PBMC
LPS-siimulated PBMC
LPS-siiJJlulal~ù WBC
Recombinwit
Recombinant

The results in Table 16 demonstrate that 02E7 can neutral-
ize the activity of five primate TNFas approximately equiva-
lently to human TNa and, moreover, can neutralize the
activity ofcanIe TNa (about ten-fold less well than human 55

TN a) and porcine and mouse TNa (a bout - 1000- fold less
well than human TNa). Moreover, the binding of 02E7 to
solution phase rhTNa was nol inhbited by oiher cytokies,
such as lymphotoxin (lNFß), IL-Ia, IL-I ß, IL-2, IL-4, IL-6.
IL-8, IFNy and TGFß, indicating that 02E7 is very specific 60
for its ligand TNFa.

F. Lack ofCytokine Release by Iluman Whole Blood Incu-
bated with 02E7

ln this example, the ability of 02E7 to induce, by itself, 65
normal human blood cells to secrete cytokines or shed cell
surface molecules was examined. 02E7 was incubated with

44
diluted whole blood trom three different normal donor. al
varing concentraiions for 24 hours. An LPS positive conirol

was nin at the sanie iime, at a concentraiion previously deter-
mined to stimulate immunocompetent blood cells to secrete
cytokines. TIie supernatants were harested and tested in a
panel often soluble cytokine, receptor and adhesion molecule
ELlSA kits: lL-la, IL-Iß, IL-I reccptor antagonist, IL-6,
IL-8, TNFa, soluble TNF receptor I, soluble TNF receptor II,

10 ,oluble ICAM-l and soluble E-,electin. No significant
amounts of cytokines or shed cell surface molecules were
measured as a result .of 02E7 antibody co-incubation, at
concentrations up to 343 riglmJ. Control culrues without ihe
addition of the antibody also did not yield any measurable

15 amounts of cytokines, whereas the LPS co-culture control

yielded elcvated values in thc high picogrm to low nanogrm
range. These results indicate that D2E7 did not induce whole
blood cell, to ,ecrete cytokine, or ,hed cell ,urface protein,
above normal levels in ex vivo cultures.

Forming par of the present disclosure is the appended
Sequence Listing, the contents of which are ,ummarized in
the table below:

40

ANTIBODY SEQUENCE
SEQ ID NO; CHAIN REGION TYPE

1 D2E7 VL llino acid

2 D2E7 VH amino acid
3 D2E7 VLCDR3 amino acid
4 D2E7 VH CDR3 amiiwaLid
5 D2E7 VL CDR2 amino acid
6 Ll2E7 Vii CDR2 amÎnoiuid
7 LlE7 VLCLlRI uminoacid
R mE7 VHCnRI Ilminoiiici
9 2SD4 VL amino acid 

io 2SD4 VII amino acid 

II 2SD4 VLCDR3 amino acid
12 EPBI2 VLCDR3 amino acid
13 VLlOE4 VLCDR3 amino acid 

14 VLlOOA9 VLCDR3 amino acid 

15 VLLIOOD2 VLCDR3 amino acid
IG VLLOF4 VLCDR3 amino acid
17 LOE5 VLCDR3 amino acid 

18 VLLOG7 VLCDR3 amino acid 

19 VLLOG9 Vi.CnR.1 aminoacici
20 VLLOHI VLCDR3 amino acid 

21 VLLOHIO VLCDR3 nminoacid
22 VLlB7 VLCDR3 amino acid 
2) VLlCI VLCDR3 amino acid
24 VLO.IF4 VLCDR3 amino acid 
25 VLO.IH8 VLCDR3 amino acid
26 i.OE7.A VLCDR3 amino acid
27 2SD4 VH CDR3 amino acid 

28 VHllllt VH CLlR3 aminollcid
29 VHinR Vi-CnR.1 aminoß.iri
)0 VHlAII VH CnR.1 amino acid
31 VHIBI2 VHCDRJ amino ncid
32 VHIE4 VHCDRJ amino acid
33 VHIF6 VHCDRJ amino acid
34 3C-H2 VHCDRJ amino acid 

35 VHI-D2.N VHCDRJ amiDoacid
36 D2E7 VL nudi:ic acid
37 D2E7 VH nucleic acid

45

50

EQUIVALENTS

llio,e ,killed in the art will recognize. or be ahle to a,cer-
tain using no more than routine experimentation, many

equivalents to the specific embodiments of the invention
descrihed herein. Such equivalent, are intended to be encom-
passed by the following claims.
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SEQUENCE LISTING

~160, NUMBER OF SEQ ID NOS, 37

~2io~ SEQ 1D NO i
~211, LENGTH, 107
~2 12' TYPE, PRT
~213~ ORGAISM; Artificial Sequence
,,220;: FEATURE:

"223;: OTHER INFORMATION: mutated human antibody

0:400;: SEQUENCE;

Asp lIe GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly1 5 10 15
Asp Arg Val Thr lIe Thr Cys Arg Ala Ser GIn Gly lIe Arg Asn Tyr20 25 30
Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lye Ala Pro Lye Leu Leu lIe35 40 45
Tyr Ala Ala Ser Thr Leu GIn Ser Gly Val Pro Ser Arg Phe Ser Gly50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lIe Ser Ser Leu GIn Pro65 70 75 BO
Glu Asp Val Ala Thr Tyr Tyr Cys Gin Arg Tyr Asn Arg Ala Pro TyrB5 90 95
Thr Phe Gly GIn Gly Thr Lys Val Glu lIe Lye100 105
0:210;: SEQ 1D NO 2
~211, LENGTH, 121
~212, TYPE, PRT
0:213;: ORGAISM: Artificial Sequence
-=220;: FEATURB;
"223;: OTHER INFORMATION: mutated human antibody

~4 00, SEQUENCE, 2

Glu Val GIn Leu Val Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Arg1 5 10 15
Ser Leu Arg Leu Ser eys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr20 25 30
Ala Met His Trp Val Arg GIn Ala Pro Gly Lys Gly Leu Glu Trp Val35 40 45
Ser Ala lIe Thr Trp Asn Ser Gly His lIe Asp Tyr Ala Asp Ser Val50 55 60
Glu Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 BO

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Tyr Trp Gly
ioa ios 110

GIn Gly Thr Leu Val Thr Val Ser Ser115 120
~2 10, SEQ 1D NO 3
~21h LENGTH, 9
.:212;: TYPE: PRT
.:2i3~ ORGAISM: Artificial Sequence
~220, FEATURE,
~223~ OTHER INFORMATION: mutated human antibody
.:220~ PEATURE:
~22h NAME/KEY, VARIANT
~22Z, LOCATION, ¡ 9)
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-continued
.223. OTHER INFORMATION, Xaa Thr or Ala

.400. SEQUENCE,

GIn Arg Tyr Asn Arg Ala Pro Tyr Xaa1 5
.210. SEQ 10 NO 4
.21b LENGTH, 12
.212. TYPE, PRT
~2i3~ ORGAISM: Artificial Sequence
.:220:- FEATURE:
~223:i OTHER INFORMATION: mutated human antibody
c:22u;) FEATURE:
.221. NAME/KEY, VARIANT
.222. LOCATION, (12)
~223~ OTHER INFORMATION: Xaa Tyr or Asn

.400. SEQUENCE, 4

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Aop Xaa1 10
.210' SEQ 10 NO
-:211:: LENGTH: 7
-=212:: TYPE: PRT
..213:: ORGAISM: Artificial Sequence
.220' FEATURE,
.c223~ OTHER INFORMATION; mutated human antibody

.400' SEQUENCE, 5

Ala Ala Ser Thr Leu GIn Ser1 5
.210' SEQ 10 NO 6
.:211:: LENGTH: i 7
.212, TYPE, PRT
.;213:- ORGAISM; Artificial Sequence
-e220;: FEATURE:
0:223:- OTHER INFORMTION: mutated human antibody

.400. SEQUENCE,

Ala lIe Thr Trp Asn Ser Gly His lIe Asp Tyr Ala Asp Ser Val Glu1 5 10 15
Gly

.210' SEQ 10 NO 7

.:211:- LENGTH: 11

.212' TYPE, PRT

.:213:- ORGAISM: Artificial Sequence
-=220:: FEATURE:
~223~ OTHER INFORMATION; mutated human antibody

.400' SEQUENCE

Arg Ala Ser GIn Gly lIe Arg Asn Tyr Leu Alai 5 10
~2io~ SEQ ID NO B
~2i1~ LENGTH: 5
.212, TYPE, PRT
~2i3;: ORGAISM: Artíiicial Sequence
~220;: FEATURE:
~223~ OTHER INFORMATION; mutated human antibody

.400' SEQUENCE, 8

Asp Tyr Ala Met Hie1 5
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-continued
.2 10~ SEQ ID NO 9
~211~ LENGTH: 107
-=212:: TYPE: PRT
-=213:: ORGAISM: Artificial Sequence
.:220:: FEATURE:
-=223:: OTHER INFORMATION: mutated human .antibody

.4 OO~ SEQUENCE,

Asp lIe GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser lIe Gly1 5 10 15
Asp Arg Val Thr lIe Thr Cys Arg Ala Ser GIn Gly lIe Arg Asn Tyr20 25 30
Leu Ala Trp Tyr GIn GIn Lys Pro Gly Lye Ala Pro Lys Leu Leu lIe35 40 45
Tyr Ala Ala Ser Thr Leu GIn Ser Gly Val Pro Ser Arg Phe Ser Gly

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu GIn Pro
65 70 75 80

Glu Asp Val Ala Thr Tyr Tyr Cys GIn Lys Tyr Asn Ser Ala Pro Tyr
85 90 95

Ala Phe Gly GIn Gly Thr Lys Val Glu lIe Lys100 ios
.210~ SEQ ID NO 10
.211~ LENGTH, 121
.212~ TYPE, PRT
~213;i ORGAISM: Artificial Sequence
.:220;: PEATURE:
-=223:: OTHER INFORMATION: mutated human antibody

-:400:: SEQUENCE. 10

GIn Val GIn Leu Val Glu Ser Gly Gly Gly Leu Val GIn Pro Gly Arg
1 5 10 15

Ser Leu Ar9 Leu Ser eye Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr
20 25 30

Ala Met His Trp Val Arg GIn Ala Pro Gly Lye Gly Leu Asp Trp Val35 40 45
Ser Ala Ile Thr Trp Asn Ser Gly Hio lIe Asp Tyr Ala Asp Ser Val

50 55 60

Glu Gly Arg Phe Ala Val Ser Arg Aop ADn Ala Lys Aon Ala Leu Tyr
65 70 75 80

Leu GIn Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Thr Lys Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Asn Trp Gly100 ios 110
Gln Gly Thr Leu Val Thr Val Ser Ser115 120
~210~ SEQ ID NO 11
.2 11~ LENGTH, 9
~212;: TYPE: PRT
~213;: ORGAISM: Artificial Sequence
~220;: FEATURE:
~223;: OTHER INFORMATION: mutated human antibody

.4 oo~ SEQUENCE, 11

GIn Lys Tyr Asn Ser Ala Pro Tyr Ala1 5
~2io;: SEQ 1D NO 12
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-continued
-c2ii;: LENGTH: 9
.:212;: TYPE: PRT
-c213;: ORGAISM; Artificial sequence
"220;: PEATURE:
.:223;: OTHER INFORMATION: mutated human antibody

-c400;: SEQUENCE; 12

GIn Lys Tyr Asn Arg Ala Pro Tyr Ala1 5
.:210;: SEQ 1D NO 13
-c211:; LENGTH: 9
c:212;. TYPE: PRT
.:213;: ORGANISM: Artificial Sequence
-:220:: PEATURE:
-c223;: OTHER INFORMATION: mutated human antibody

~4 OO~ SEQUENCE, 13

GIn Lye Tyr Gln Arg Ala Pro Tyr Thr1 5
~210~ SEQ 10 NO 14
"'211:: LENGTH: 9
~212~ TYPE, PRT
-c213;: ORGAISM: Artificial Sequence
..220;: FEATURE:
-c223;: OTHER INFORMATION; mutated human antibody

-c400;: SEQUENCE: 14

GIn LYD Tyr Ser Ser Ala Pro Tyr Thr1 5
~210~ SEQ 10 NO 15
c:211;: LENGTH: 9
~212~ TV PE, PRT
-eZ13;: ORGAISM: Artificial Sequence
..220;: PEATURE:
-c223;: OTHER INFORMTION: mutated human antibody

~4 OO~ SEQUENCE, 15

GIn Lys Tyr Asn Ser Ala Pro Tyr Thr1 5
~210~ SEQ 10 NO 16
.:211;: LENGTH: 9
-:212:: TYPE: PRT
-:213:: ORGANISM: Artificial Sequence
~220~ PEATlJE,
-:223~ OTHER INFORMATION: mutated human antibody

~400~ SEQUENCE, 16

Gln Lye Tyr Asn Arg Ala Pro Tyr Thr1 5
~210~ SEQ 10 NO 17
~211:: LENGTH: 9
.c212:: TYPE: PRT
~213:: ORGAISM: Artificial Sequence
-:220:: FEATURE:
-:223~ OTHER INFORMATION: mutat ed human antibody

~4 OO~ SEQUENCE, 17

GIn Lys Tyr Asn Ser Ala Pro Tyr Tyr1 5
~210~ SEQ 10 NO 18
.c2ii~ LENGTH: 9
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-continued
-e212:: TYPE: PRT
-:213;: ORGAISM: Artificial Sequence
.:220;: FEATURE:
-:223:: OTHER INFORMATION: mutated human antibody

~4 OO~ SEQUENCE, 1 B

GIn Lys Tyr Asn Ser Ala Pro Tyr Asn1 S
~210~ SEQ 10 NO 19
.:2 i 1:- LENGTH: 9
-:212)0 TYPE: PRT
c:213;: ORGAISM: Artificial Sequence
.:220;; FEATURE:

.:223;; OTHER INFORMATION: mutated human antibody

~4 OO~ SEQUimCE, 19

GIn Lye Tyr fhr Ser Ala Pro Tyr Thr1 5
c:210;: SEQ 10 NO 20
-:211:: LENGTH: 9
..212,. TYPE: PRT
.:213:: ORGAISM: Artificial Sequence
-e220,. FEATURE:
-:223;: OTHER INFORMATION: mutated human antibody

~4 OO~ SEQUENCE, 20

GIn Lye Tyr Asn Arg Ala pro Tyr Asn1 5
~210~ SEQ 10 NO 21
-:211:: LENGTH: 9
~21h TYPE, PRT
.:213;: ORGAISM: Artificial Sequence
~220' FEATURE,
-:223:: OTHER INFORMATION: mutated human antibody

~400~ SEQUENCE, 21

GIn Lye Tyr Asn Ser Ala Ala Tyr Ser1 5
~210, SEQ 10 NO 22
~21b LENGTH, 9
~212, TYPE, PRT
-:213;: ORGAISM: Artificial Sequence
~220, FEATURE,
~223~ OTHER INFORMATION: mutated human antibody

~400~ SEQUENCE: 22

GIn GIn Tyr Asn Ser Ala Pro Asp Thr1 S
~210~ SEQ ID NO 23
~21i~ LENGTH: 9
~212, TYPE, PRT
~213~ ORGAISM: Artificial Sequence
.c220~ FEATURE:
.c223~ OTHER INFORMATION: mutated human antibody

~4 00, SEQUENCE, 23

GIn Lys Tyr Asn Ser Asp Pro Tyr Thr1 5
~210~ SEQ 1D NO 24
..211;: LENGTH: 9
.c212~ TYPE: PRT
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-continued
~2i3~ ORGAISM: Artificial Sequence
..220:: PEATURE:
..223~ OTHER INFORMATION: mutated human antibody

~4 00' SEQUENCE 24

GIn Lys Tyr I i e Ser Ala Pro Tyr Thr1 5 I-
i
:

~210' SEQ 10 NO 25
..211:: LENGTH: 9
.c212:: TYPE: PRT
..213:: ORGAISM; Artit ieia! Sequence
c:220:: FEATURE:
..223:: OTHER INFORMTION: mutated human antibody

~4 00' SEQUENCE, 25

GIn Lys Tyr Asn Arg Pro Pro Tyr Thr1 5
~210, SEQ 10 NO 26
0:211;: LENGTH: 9
.c212:; TYPE: PRT
..213:: ORGAISM: Artificial Sequence
~220~ FEATURE,
..223:: OTHER INFORMATION: mutated human antibody

~400~ SEQUENCE, 26

GIn Arg Tyr Asn Arg Ala Pro Tyr Ala1 5
~210~ SEQ 10 NO 27
..211;: LENGTH: 12
c:212:: TYPE: PRT
..213:: ORGANISM: Artificial Sequence
~220' FEATURE,
0:223:: OTHER INFORMATION: mutated human antibody

.:400:: SEQUENCE: 27

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu ASp Asn1 5 10
~210~ SEQ 10 NO 2B
..211:: LENGTH: 12
..212:: TYPE: PRT
..213:: ORGAISM: Artificial Sequence
..220:: FEATURE:
~223:: OTHER INFORMATION: mutated human antibody

~4 00' SEQUENCE, 2 B

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Lys1 5 10
~210~ SEQ 1D NO 29
..21i~ LENGTH: 12
..212~ TYPE:: PRT

..213:: ORGAISM: Artificial Sequence
-:220:: PEATURE:
~223~ OTHER INFORMATION: mutated human antibody

,400, SEQUENCE, 29

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp Tyr1 5 10
..2io~ SEQ 1D NO 30
-e211:. LENGTH: 12
..212:: TYPE: PRT
~2i3:: ORGAISM: Artificial Sequence
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-continued
-e2 2 0:: PEATURE;
~223~ OTHER INFORMATION; mutated human antibody

~400, SEQUENCE, 30

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Asp ASp1 5 10
~210, SEQ 10 NO 31
.:211:: LENGTH: 12
-:212:: TYPE: PRT
-:213:: ORGAISM: Artificial Sequence
-:220:: FEATURE:
-:223:: OTHER INFORMATION: mutated human antibody

~400, SEQUENCE, 31

Ala Ser Tyr Leu Ser Thr Ser Phe Ser Leu Asp Tyr1 5 10
~210, SEQ 10 NO 32
~211, LENGTH, 12
~21h TYPE, PRT
-:213:: ORGAISM: Artificial Sequence
..220;: FEATURE:
~223~ OTHER INFORMATION: mutated human antibody

~4 00' SEQUENCE, 32

Ala Ser Tyr Leu Ser Thr Ser Ser Ser Leu Hio Tyr1 5 10
~210' SEQ 10 NO 33
.:211:: LENGTH: 12
.:212:: TYPE: PRT
.:213:: ORGANISM: Artificial Sequence
.:220:: FEATURE:
.:223:: OTHER INFORMATION: mutat ed human ant ibody

~4 00, SEQUENCE, 33

Ala Ser Phe Leu Ser Thr Ser Ser Ser Leu Glu Tyr1 5 10
~210, SEQ 10 NO 34
.:211:: LENGTH: 12
~212, TYPE, PRT
.:213:: ORGAISM: Artificial Sequence
.220, FEATURE,
~223~ OTHER INFORMTION: mutated human antibody

.400' SEQUENCE, 34

Ala Ser Tyr Leu Ser Thr Ala Ser Ser Leu Glu Tyr1 5 10
~210, SEQ 10 NO 35
~21h LENGTH, 12
~212, TYPE, PRT
~213~ ORGAISM: Artificial Sequence
~22 0, FEATURE,
~223~ OTHER INFORMATION: mutated human antibody

~400, SEQUENCE, 35

Val Ser Tyr Leu Ser Thr Ala Ser Ser Leu Asp Asn1 5 10
~210, SEQ 10 NO 36
..2ii~ LENGTH: 321
~212~ TYPE: DNA
~2i3~ ORGAISM: Artificiai Sequence
~220' FEATURE,
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-continued

gacatccaga tgacccagtc tccatcctcc ctgtctgcat ctgtagggga cagagtcacc

atcacttgtc gggcaagtca gggcatcaga aattacttag cctggtatca gcaaaaacca

g9gaaagccc ctaagctcct gatctatgct gcatccactt tgcaatcagg ggtcccatct

c9gttcagtg gcagtggatc tgggacagat ttcactctca ccatcagcag cctacagcct

gaagatgttg caacttat ta etgtcaaagg tataaccgtg caccgtatac ttttggccag

999accaa99 tggaaatcaa a

~223~ OTHER INFORMATION: mutated human antibody

~400~ SEQUENCE: 36

~210~ SEQ 1D NO 37
c211~ LENGTH: 363
~212~ TYPE, DNA
c213~ ORGAISM: Artificial Sequence
~2 2 O~ FEATURE,
c223~ OTHER INFORMTION: mutated human antibody

60

120

180

240

300

321

.:400:: SEQUENCE, 37

gaggtgcagc tggtggagtc tgggggaggc tt99tacagc cC99caggtc cctgagactc 60

tcct9tgc99 cctctggatt cacctttgat gattatgcca tgcactgggt ccggcaagct 120

ccagggaagg gcctggaatg ggtctcagct atcacttgga atagtggtca catagactat 180

gcggactctg tggagggccg attcaccatc tccagagaca acgccaagaa ctccct.gtat 240

ct.gcaaatga acagtctgag agctgaggat acggccgtat attactgtgc gaaagtctcg 300

taccttagca ccgcgtcctc ccttgactat tggggccaag gtaccctggt caccgtctcg 360

agt 363

The invention claimed is:

1. A method for trcating a subject suffering from rheuma-
toid arthrtis, comprising admnistering to the subject both an 40
antibody and methotrexate, such that the rheumatoid arthritis
is treated, wherein the antibody is an isolated human anti-
body, or an antigen-binding portion thereof, that dissociates
from human TNF a witb a Kd of I x I 0-8 M or less and a Koff
rate constant of) x I 0-3 ç i orlcss, both determined by surface 45
plasmon resonance, neutralizes human TNFa cytotoxicity in
a standard in vitr L929 assay with an ICso of Ix10-7 M or
less, and neutralizes TNa-induced cellular activation in a
standard in vitr assay for TNa-induced EL-'\-I expres-
sion on human umbilical vein endothelial cells (HUC). 50

2. The method of claim 1, wherein the isolated human
antibody, or antigen-binding portion thereof, dissociates from
human TNFa with a Knffrate constant of5x10-4 ç' or less.

3. The method of claim I, wherein the isulaied human
antibody, or antigen-binding portion thereof, dissociates from 55
human TNFa with a Koffrate constant of I xlO-s-1 or less.

4. The method of claim i, wherein the isolated human
antibody, or antigen-binding portion thereof, neutralizes
human TNa cytotoxicity in a standard in vitro L929 assay 60
with an ICso of Ix10-8 M or less.

5. The method of claim 1, wherein the isolated hurrn
antibody, ur antigen-binding portion thereof, neutralizes
human TNFa cytotoxicity in a standard in vitro L929 assay
with an ICso of ixia-" M or less.

6. The method of claim i, wherein the isolated human
antibody, or antigen-binding portion thereof, neutralizes
human TNa cytotoxicity in a standard in vitro L929 assay
with an ICso of i x i 0-10 M or less.

7. 'Ibe method of claim 1, wherein the isolated human
antibody, or antigen-binding portion thereof, is a recombinant
antibody, or antigen-binding portion thereof.

8. A method for treating a subject suffering from rheuma-
toid arthrtis, comprising administering to the subject both an
antibody and methotrexate, such that the rheumatoid arhrtis

is treated, wherein the antibody is an isolated human anti-
body, or an antigen-binding portion thereof, that dissociates
from human TN a with a Kd of i x 10-8 M or less and a Koff
rate constant of i xlO -3 s-' or less, both determined by sur-
face plasmon resonance, and neutrlizes TNa-induced cel-
lular activation in a standad in vitr assay for TNa-induced
ELAM-l expression on human umbilical vein endothelial
cclls (IIUVEC).

9. Thc mcthod of claim 8. whcrcin thc isolatcd human
antibody. orantigcn-bindingportion thcreof. dissociatcs from
human TNFo. with a K,,¡rate constant of 5x i 0-4 ç' or less.

10. The method of elaim 8, wherein ihe isolated human
antibody, orantigen-bindingpurtiun thereof, dissociates from
human TNFa with a Koffrate constant of i x i 0-4 ç i or less.

11. The method of claim 8, wherein the isolated human
antibody, or antigen-binding portion thereof, is a recombinant
antibody, or antigen-binding portion thereof.

* * *


